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THAT SOLVES TEXTILE MILL PROBLEMS 
ON A PRACTICAL, WORKABLE BASIS 


HE RESEARCH PROGRAM of the United 

States Testing Company, Inc., is designed as a 
practical adjunct to progressive mill operation. Jt is 
designed to pay for itself on a dollars-and-cents 
basis . . . for it functions under the direction of 
expert rextile engineers, chemists, and technicians 
who have actually been “through the mill” them- 
selves. 

Here is a single example of the many problems 
we have solved for cextile mills. A fabric manu- 
facturer reported the appearance of spots of un- 
known origin on his fabrics. His own laboratory, 
after testing all the organic compounds used in 
processing, was unable co trace the cause. 

By means of the Spectrograph, Testing Company 
technicians discovered the presence of lead in and 


‘Textile 
Division 


near the spotted areas. Further investigation showed 
that the spots were caused by lead coated wire 
baskets used in the manufacturing process as car- 
riers. Upon our recoramendation, zinc coated car- 
tiers were substituted, and the spotting immediately 
disappeared. 

If you are faced with similar problems relating 
to textile manufacture, regardless of their narure, 
we invite inquiries. We shall be glad co discuss the 
possible application of Research to your problems 
without obligation on your part. 
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FIBER ATLAS—Published by 


Researeh Institute in 1947 under the title 


“Textile Mieroscopy in Germany.” This 147-page 
book is the most comprehensive study of textile 
tibers currently available. It contains over 700 
photomicrographs by leading German microseo 
pists. Longitudinal views and cross sections of 


fibers are shown, together with x-ray diffraction 


patterns and analyses of properties of typteal 


tibers Price, $55 postpaid, 
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completely automatic drive 
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FLOW DIAGRAM COMBINED RANDO FEEDER AND RANDO WEBBER 


RANDO-FEEDER™ 


AND 


RANDO-WEBBER™ 


In order that a wide variety of low cost, short staple 
waste fibers be processed into a random web they must 
tirst be uniformly fed, lengthwise and crosswise, into a 
machine, such as a RANDO-WEBBER. The RANDO- 
FEEDER meets these needs. 


RANDO-FEEDER. In operation the fiber is trans- 


ferred trom the feeder hopper on the pins of an apron, 
past a stripper to an air bridge. Fiber is carried over 
and pulled as needed into a wedge-shaped opening be- 
tween screen and roller conveyor forming a uniform, 
compact teed for the RANDO-WEBBER. Excess fiber 
returns to the hopper while tramp metal and other 
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 CORPORATIO 
OCHESTER 10, 


ON-WOVEN 


*T.M. Reg. Curlator Corp., Rochester, N.Y. 


heavy trash are deposited in the trash box as neither 
will cross the air bridge. The feed of the web machine 
and screen section operates as a unit. Increasing speed 
automatically increases output of feeder. 


RANDO-WEBBER. The mat of fiber developed by 
the RANDO-FEEDER is fed directly to the high- speed 
licker-in. Fibers are doffed from licker-in teeth into air 
stream in the throat of a Venturi-like duct, and de- 
posited on a rotating circular condenser screen. Speed 
of screen determines web thickness. Web is carried 
from screen in continuous flow by rubberized belt 
conveyor. 
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Write for new Random Web Process Bulletin 101 and 
for a demonstration of the processing of your fibers. 
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Please send Random Web Bulletin 101 


a 
+ 
Grazing Machine | 
APPROACH 
| from Waste Fibers 
TEXTILE 
PRODUCTS 
| q 
FABRICS 
cURLATOR 


ty 


TEXTILE RESEARCH 
JOURNAL 


VOL. Aa, NO. 12 December, 1950 


An Investigation of Fabric Structure and Its 
Relation to Certain Physical Properties’ 


G. H. Hottet 


Abstract 


This research is concerne vith the stud f the breaking ad and mabe « 
teristics of combination tabrics as a 


ponent 
} 


Introduction uninated by rubberizing processes to form the en 


recognized by ima 
researcl Such inve 
Peirce { 18] 
Hamburger |12]. hay 
approach the 


such il ippre ic! t 

the breaking load at 
1 


art in World War II 


pri n 
pared at Massachusetts I 
October, 194 
Technical Direct 
Rast 40th Street, New ¥ 


| 

5 

( 

4 

bri 

e 
The desirali ty of engineered textiles has been the s The tals wanutactured for 
workers in the field of t white li ] have not been required to meet elonva 
stigators as Smith [25] and pecincati 7, since this is so, it must = 
ore recently Backer and AS ittent given to t factor 
e demonstrated the engineering wiinating proce 
ge indness of its principles whet Phe above is one ilustration of the need for study 5 Fe 
a Hed 4 . wha r prope rte t lye 4 
BS Phe present study is concerned with or , . selected) of the individual fabrics as related to tl 7 
} } iracterist of two or mor noch fal 
‘ 
1 ultimate elongation charactet | 
Istics OL tabrics isa functior load distribution m and the breaking load of 
elongation characteristics of the component fabri ist ntevral funetior nl 
Textile materials. particularly taben thie characteristic of the madividua 
are employed in the aeronautical held, plaved a vital rising the con nate It hould be 
Ba clotl sare en loved redict tl e entire oad-elongatior 
She as structural elements in the manutacture of airships Te 1 combination fabric, given the load aps 
(semirigid dirigibles for antisubmari elongation characteristics of the component 
the coastal waters) as combination fabries, they are Ms paper entitle effect of 
Yarn on Parachute-Fabric Strength 
Master 

relationship of combination “fabries.” H 

abt e considet 

1. Tenney Associate Ir A yarn and a braided type ¢ ibric combinations 
rk if kK LY a braid-co ered eore vari nit he doe 4 


sent of the correlation of core 


with load 


pre a detailed analysis 


‘ 
ind cover el 


mgations distribution at varti- 


ous levels up to the pou tis) of rupture 


It is possible, however, to conypute the complete 


load-elongation behavior of the braided cover from 


the complete load-clongation characteristics both of 


core yarn alone and of the combination “fabric 


More recently Hamburger [12] has shown the im 


portance of elongation balance and has cited several 


xamples, 


including the behavior of braid-covered 


core varn 


The 


the pomt of view with which the present problem was 


analyses indicated are a natural outcome of 


outlined It was through development of this view 
thought 


ported in this paper was 


point and this line of that the research re 


It will afford 
yuthetic and an analytical approach to the 


conducted 


both a 


study of certain physical properties of nations 


of textile materials 
\ literature 1943 that 


only work which had been done 


search through indicated 
Hamburger’s was the 


toward solving ths problem. There were, however, 


related studies by Hindman [15] and somewhat more 

Morton Wilhamson [16] 
More recently, Docking and Wilding [6] have given 
attention to Their 


with the resistance to bursting pressure 


extensive ones by and 


elongation balance data deal 


of a material 


balance of and fillin 


This is really a 


in relation to the its warp 


elongations variant of the problem 


ot this research 


Upson and Chandler [28], who realized, in part, 


uch ply tabrics play in combination, state 


two ditferent 
they 


ws are constructed im 


ways 


intended li 


mi the for which are 


purpose 


constructed for the ballonet fabric, the 
two plies are placed with the systems of threads parallel 
The total tensile strength of the phed fabric is, therefore 
the sum of the tensile ranv one direectior 

They also state | 27] 

Ll he cotto ‘ t woven with equal 
tretch and tet trength im warp and filler.” 

When these authors reported that the breaking load 


1 
ot the double ply 
1 ! 


fabric ts the sum of the breaking 


s of the individual fabrics, it ble that the 


statement was made with the idea in mind that the 


fabrics were to possess equal elongatior im bemg 
pled Hlowever, it may be that Upsor Chandler 
were not thinking in terms of the dependence of the 
breaking load ot the double-ply tabre upon the rela 
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tive elongations of the individual fabrics in the direc- 


tions being plied. If they were, it is reasonable to 
expect that the relationship would have been stressed 


and clearly emphasized 


Experimental Details and Data 
1. Test Methods 


" 


Atmospheric Conditions ll tests 


were con 


ducted in an atmosphere of 65° relative humidity at 


a temperature of 70°F. The samples were condi 
tioned in this atmosphere for at least 8 hrs. prior to 
testing 
Vachine 
vertical tester of the pendulum type 
Model) 


been 


All fabric tests were performed ona 
( Scott J 2 
(All curves presented in this paper have 
corrected to show load as the ordinate and 
elongation as the abscissa. ) 
Fabric Breaking Load 
ple preparation, as described in the Committee D-13 
Textile Manual of the A.S.T.M 
Fabri 


ments were an important factor in this research, it 


The strip method of sam- 


was employed. 
Elongation.— Because elongation measure- 
was essential that a suitable test method be employed ; 
the method employed was considered as such 
\ll fabric elongations were computed from an 


The 


reco! ded 


initial load-elongation 


gage length of 3 in 
all 


The 3-in. gage length was marked off on each strip 


curves for fabrics were individually. 


specimen. In the placing of the samples in the jaws 


of the testing machine, the lines on the test specimens 


were aligned flush with their 


respective clamping 
jaws 

Federal specifications [&| designate the use of a 
6-oz. weight in pre-tensioning the specimens prior to 


the clamping of the jaws. This method was not em 


ployed in this research because tension or pre-loading 


would cause distortion of the sample and a resultant 


loss in fabric elongation. There is also the practice 


of hand-tensioning. This results in elongations of 


varying degree, depending upon the operator 


the calculation of fabric elongation, there are 


methods [1, 13] which do not include an important 


portion of the elongation curve: the technique re 


quires that the elongated length be measured from a 
pomnt on the chart where the curve leaves the zero 


load ordinate since elongation is detined as any 


extension of the fabric, the omission of a portion of 


the curve results in an error in the elongation calcu 


lations. the magnitude of which 1s a function of the 


ft 
| 
R12 
fe 
te 
ale 
4 
ay: 
4 
a Double ply {abr 
4 
iz 
Wer 


1950 


fabric geometry. The displacement from the begin *. Preliminary 


ning of the curve to the inflection point is due in part 


gis Phere were two variables which could be consid 
to the inertia and lack of sensitivity of the testing 
: ered—namely, the breaking load and the elongation 


machine, but it represents, nevertheless, actual fabric 
a characteristics of the materials under consideratiot 

extension. In this research, the elongation curve 
; Because the load distribution in the combination fab 

was considered from the beginning of the autographi . 
ric was the nai concern, and because it was con 
¢ dependent primarily upon the relative 


elongation characteristics of the individual materials 
tabrics were selected for combination which had dif 
Strip test samples (warp and/or filling, as re ferent extensibility characteristics, with little regard 


quired for investigation) were prepared from each — for the 


‘cording S lard s istical n hods 
fabric according to standard statistical methods |9, Certain preliminary tnals were conducted in ordet 


10, 26] lhe pe vere aken randon to check the theory and to disclose any mamipulative 


throughout the area of the fabric, exclusive of the gificutties These trials were performed with warp 

area extending in from each selvage to 10% of the wie samples of a commercial RR balloon fabric, 

width of the fabric [8] \cross each strip test sam fillingwise samples of a commercial HH balloon fab 

ple two lines were carefully drawn, exactly 3 im. pie, and warpwise samples of experimental HH bal 

apart loon fabrics made by weaving different numbers of 
Combination-Fabrie Preparation.—Onme strip sam picks per inch into the same wi 


le was laid on a flat surtace Under each end of The , 


I number of picks per in s varied so as to 
the strip a 1} in. x 4 in. piece of paper was placed obtain fabrics in which the warp elongations varied 
so that the paper projected from under the sample “minimum” to “maximum” values \ithoug! 
to the same extent on three sides. The strip sample varying elongations could have been obtained b 
including both ends, was taped (cellulose tape) to varying the tensions imvolved in weaving, changing 


both the paper and the flat surface, care being taken ot of tens and 
not to distort the specimen. Over this sample was method chosen was the simplest 
placed the second strip of the combination, which had Of course the warp strength may change with a: 
the 3-in. gage length marked on it second strip dit 
was also taped to the paper and to the flat surface : 


mereased abrasion incurred durit 


Thus. both samples were aligned, and, when lifted 

hus, bs ] and by changing the warp crimp by means of varying 
wild be handled as one. Th 

from the flat surface, could be handled as one Phe the nismber of th picks per in. the warp breaking 
camnie en inserted he aws 

combination sample was then inserted into the J oad may be caused to vary [19], but for the purpose 


ot ie ly In rescriped Way 
the testing machine in the press of the present study these changes could be over 


looked It was essential only to have fabrics the 
loac-elongation characteristics of which were known 
Partial Displacement The warp load clongatior at-break characteristic 
1 of HH fabrics of various picks /in. are shown in Table 
| The warps ol these fabric ind in one ¢ ise the 


filling of an HH balloon fabric, were combined witl 


warps Of an tR balloon fabric Lhe data resulting 


n testing these combination ire given in Table I] 


6 
° 
« 
n 


ELONGATIOS 


Bit 
fist 
Ties 
. 
— 
Phe ileulated breaking oad of the combinatior 
fabric was necessary for comparison with the ob 
° 
erved breaking il The detailed technique en 
ploved for this calculation follow * 
he load-elongation curves of the individual fabric 

4 

Fic. 1 lL vad-elongation curv fabric strip test are first obtained The lower elongation at break of 

\ 
ok 


| 
214 Reskarcn Journal 
the fabrics under test 1s found The distance (elot 
{ABLE I Waker Loap-l CHARACTERISTICS OF 
Ht Ba Picks gation) 1s measured off on the load ordinate of the 
Warp break other fabri The averaye he ud corresponding to 
ul Warp ‘ ‘ this elongation represents that part of the breaking 
‘ nwa 1 
' id of the combination fabric which is supported by 
186 the second tabric of the combination 
70 47.4 93 he calculated breaking load of the combination is 
10) 11.5 ‘ 
the sum ot the breaking load of the lower-elor vation 
IABLE Th CHaracteristics or CERTAIN COMBINATION Fanrics 
\\ irp ol RK balloon fabre in combination with 
HH balloon fabric w irps ot 
x0 70 100 140 HH balloon 
pick picks, in picks in fabric tilling 
Break low tr | 
Observed 19 00) 178 171 164 
Calculated 198 183 173 lo4 
ya break 
Observed 8.2 x4 &3 4 
Calculated 4 O43 93 93 93 
Cal ib ul ‘ erved clong 
LABLE Compination-Fapric BREAKING Loap 
Hitt w } HH w imp HH warp HH Warp 
0 n 70 p 100 picks in 140 picks ‘in HH tilling 
“ Kt ir} h KR wary vith RR warp with RR warp with RR warp 
Hihit ‘ t be e neat KR broke t KR broke tirs RR broke tirst 
RK I ‘ ifte lta hen HH then HH HH broke long after 
Ri 
\ © HEE broke \ Same a Same as first Same as first 
elor iption issumiption for issumption for 
with cont: tion elongation at brea HE warp HH warp HH warp 
tal | combina 70 picks in 70 pick n 70 picks, in 
18.6 RR contri n 
al loa 
6241 
\ ne ultimate RI lake te HH lake ul ite HH lake ultimate HH lake ultimate HH 
elonga wa elonga nas 11.5‘ elongation as 13.5 elongation as 19.6‘ 
Ar 8.2 load sup Contribution of Contribution of Contobution of Contribution of 
ported hy RE Hit at 84! HH at &4 HH at HH at is 
148 40 615 12 1 
149 17. «46 9 0 
142 i! 17 26 12 1 
154 32 3 17 10 2 
182 49 47 11 2 
Ave 147.0 OS tb 10.8 1.2 Ibs 
RR load M70 KK | 1624 Ik kk id 1624 RR load 1o2 4 RR load 162.4 
load 120 HEL 0.5 HH load 10.8 HH load 1.2 
Combination 195.6 ll Coml O44 Combination 182.9 tt Combination 173.2 Ibs Combination 163.6 lbs 


I 
| 
‘ 
4 


tabric nd the load required tr produce t > 
elongation in the other fabric 

\s an illustration, see Figure 2. One curve ts 
that for the warp of an RR fabric broken alone; it 
shows a breaking load of 162 Ibs., with an elongati 
at break « 8.2 The other curve is that tor the 
warp of an HH fabric; it shows a breaking load ot 
51 Ibs with an elor vation at break ot 10.9 he 
latter elongation is higher than that observed tor the 
RR fal 

lf these two fabrics are combined and broken, 1t 


will be found that the elongation at break would be 
8.2% (the elor gation at break of the lower-elongatior 


fabric ) The breaking load of the combination 


necessary to elongate the HH fabric ), or 1% 
1} 


IDs 


Theretore, 1 support of the thesis that the break 
ing load and ultimate elongation characteristics of a 
combination fabric are related to the load-elongation 
characteristics of the indivi 


found that the observed and the claculated breaking 


lata were grouped, are 


lata are tabulated in Table 


196 


162 162 


147 


Load 


49 


ELONGATION 


Case |] 


the RR warp and the HH wary 


The HH 


than the | 


(C) should h 


1d-clongati 


Figure 


\ 


ive 


ELOBGATIOS 


> 
Oo) repre 


broker 


173 
162 


Load 


43 


ll 


n-faoru 

ts the combination 
(504 ck in. tabri 
ongation at the 


ELONGATION 


Bi. 
ae should be the sum of 162 Ibs. (load necessary to ' pe 
elongate the RR fabric 8.2 and 28 Ibs. (the load t 
Bee Wo 
Ag 
{ 
i 
8.2 fie 
| Fic. 2 Calculation of 
loads agree rather wel of 
above, idealized load-elongation curves, representing fabric had a lower ¢ ak 
the three cases in which the fabric. Theoretically, the combination 
shown in Figure 3; the at 7 elongation, the HH 
tabric breaking first: but actually it broke at &.2' 
CASE 1 CASE 2 CASE 3 
9 
9.3 3 
' ' 
' 
Fic. 3. I/dealized curves 


Loan 


BLoOwGatios 


elongation, with the HH fabric breaking first. There 


re, m order to obtam the calculated combination 
fabri break, the breaking load of the HH warp (49 
Ibs.) was added to that load (147 Ibs.) which, acting 


fabric alone, 


This 

Case 2 (Figure 3) 
the RR HH 
Lhese were of equal elongation at break 


Pheoretically the 


on the RR 


would produce an extension 
sum was 196 Ibs 
represents thie 


warp and warp (70 picks/in. fabric ) 


two tabries 


combination should have broken 


at elongation breaking simul 


broke at 


both fabrics 


taneously, but actually the combination 


&.4° elongation, with the RR fabric breaking just 
before the hihi It rder to obtain the « ilculated 
combination-tabrie break, the breaking load of the 
RR warp (162 tbs.) was added to that load (42 Ibs.) 
whicl rcting on thy HHL fabric alone a pro 
duce an exte S4 1} m is 214 Ib 


Case 3 (Figure 3 


the RR warp and 


} } tilly In these ca 
the RK fabric had a er elongation at break tha 
PARLE I in LOAD-ELONGATION 
Conk wool 
nt ral te 
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ELOwGaTION 


the HH fabries. For illustration, the combination 


with 140 picks /in. HH warp ts taken Pheoretically 


elonga 


the combination should have broken at 9.3% 


tion, the RR fabric breaking first, but actually it 


broke at 8.3°¢ elongation, with the RR fabric break 
to obtain the 
lated break, the breaking load of the RR warp (162 


lbs.) was added to that load (11 


ing first Therefore, in order calcu 


Ibs.) which, acting 
on the HH fabric alone, would produce an extension 
sum was 173 Ibs 


Eexpertmental Group 


Che preliminary experiments discussed in section 
3 justified continuation of this research 


combinations ot 


Vari 


studied with 


It became desirable to investigate 


covering a wider range of elongation 


ous types of industrial fabrics were 


resp et to the il load elongation characteristics (See 


Fable IV and Figure 4.) 
Pvpical fabrics in the combinations tabulated in 


studied ; the data are prese nted in 


ARACTER ics OF DirreRENT Terres oF 
: 
Warp I ‘ 
Elonga Breaking load gation 
t break p test t break 
129 54.2 13.9 
50.1 19.4 
7.6 13.7 
18.2 77.3 187 
626 19 
5? wo 


FILLING ae 
| 
| Fic. 4. Load-elongation curves 
i for different types of fabrics ae 
| 
| 
a 
N 
a 
4 presents the combination ot 
the HH warp (100 or 140 
q Table V were ther a4 
| Tables VI and VII 
i 
I 
\ ball wre 181 
B HH balloor hi 13.8 
i (srade B lane 
: 
| 
| 
je 
| 
| 
| 
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IMBINATION Faprics 


(ores 


Finished HH ballo 
Finished HH ballo 


PABLI HARACTERISTICS © 


Fabric combination 


Grey HH balloon warp 


Grey grade B airplane warp 


Grey HH balloon “ irp 


Grey bomb parachute warp 


Grey HH balloon warp 


Finished HH balloon warp 
Grey HH balloon tilling 


Grey bomb parachute f 


Grev HH balloon tilling 
ished bomb hut 


Grey HH balloon tilling 
Finished nylon parach 


nished HH balloon 
inished HH balloon 


Finished HH balloor 
(orev bomb parac hut 


grade B ai 


grack B 


grade B airplane 
grace B iirplane 
Grey grade B airplan 
Finished bomb parac 
ime 


nylon parach 


v grade B airplane 
shed bomb parachute 


y grade B airplane til 


hed nylon parachute 


y bomb parachute warp 


Finished nylon parachute w 


‘ea 
Grey HH balloon fabric——warp grade B airplane fabric— warp 
Grey grade B airplane fabric —wary Grey grade B airplane fabric —warp 
oo Grey HH balloon fabric—warp Grey grade B airplane fabric—warp eal: 
eS Grey homb parachute fabric warp Grey grade B airplane fabric filling | a 3 
Grey HH balloon fabric—warp Grey grade B airplane tal warp 
Finished HH balloon fabric—-wary Finished bomb parachute fabric—filling 
Grev HH balloon fabri tilling Grev grade Ba rplane fabrw warp 
ore mb parachute fabric ed nylon parachute fa ‘ 
Grey HH balloon fabric — filling Grey grade B airplane fabric tilling 
Finished bomb parachute fabric — filling Grey bomb parachute fabric — filling 
Grey HH balloon tabr niling Corey grade B airplane fabric-— tilling 
Finished nvlon rachute fabric fillir Finished bomb hute fal 
! para ite il Dow paract ‘ orn i 
on tabru warp Finished nvlon parachute fabra 
Finished HH halloon tabru tilling (ore bomb parachute tabe wary 
(ores bomb parachute tabru tilling Finished oavion paract te fabrn wart 
Breaking load (lbs Elongation at breal 
Observed Calculated Difference Observed Calculated Difference & 
104.2 108.0 3.8 13 12.9 +03 
103.0 103.6 14.6 14.9 LQ 7 
81.3 80.4 13.9 13.9 0.0 
tt Thing 
at pal 
warp 83.7 87.6 +9 9 4 98 0.5 
wart 
tilling 117 121.4 18.7 2.1 
Grey MEE rplane warp 153.0 161.0 8.0 % 76 
ad warp 92.8 90.1 + 12.8 11 
filling 
warp 137.3 1417 44 7.6 $1.5 
te fillin 
Hing 
warp 128.0 127.8 4 7.6 18 
nished cm fil 
ge 
Grey grade B airplane tilling 124.6 127.8 3.2 13.1 7 
Grey bomb parachute filling 
ling 105.6 104.2 +14 12.4 117 +0.7 
ivy 
a 


4 
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FABLE VII. Compination Breakine Loap 


Corey HH balloon w imp Grey HH balloon w irp Corey HH balloon warp 
with wreyv grade B with grev bomb with finished HH 


te warp balloon warp parachute 


HH 12.9 ‘ ua HH warp--12.9%, elonga Fin. HH 9.8°; elon HH oll 13.9%, elongation 
tion, 48.1 tion, 48.1 Ibs gation, 43.8 Ibs $4.2 Ibs 
Grade B wary 7 Bomb chute warp—18.2 Grey HH warp-—-12.9°, Bomb chute fill 18.7%; 
el nyation el myation mya mn 
blong nat break of « Elongation at break of com Elongation at break of con Elongation at break of com 
bination fabru that of the bination fabric is that of the bination fabric is that of th bination fabric is that of the 
lower-clongation tabru lower-elonga n tabric lower-elongation fabri ition fabru 
12.9% 
129 elongation, cor \r 12.9° elong 1. COT \r 9.8 elongatior con 13.9 clongati« con 
rit noof grade B warp tril n of bomb chute tril n of grey HH warp rit ion of bomb chute 
breaking load i warp t bre ng load wreaking load ts hil. to breaking load 
64 $7.5 49.2 
54 37 49.2 
64 OO 8 
54 2.5 19.6 
62.5 04 50.0 


HL bowed 48.1 HH load +8] Fin. HH load $3.8 


Grade B lone tomb chute load 59.9 Core {TH load 


Combination ON, ation OT Combination 66.0 tbs Combination 103.6 Ibs 


Finished HH balloon warp Finished HH balloon fillin 
with tintshed HH with grey bomb 


pura parachute tilling balloon warp parachute filling 
all 13.9%. elonga HH nll 13.9 elonga HH warp 9.8, elonga- Bomb chute tll 18.7% 
S42] tion, 54.2 tion, 43.8 Ib elongation, 77.3 Ibs 
Bomb chute till 8 n chute fill HH fll 194°, elonga 
Elongation at break of « Elonga nat break of con Elongation at break of com Elongation at break of com 
bina 1 bor } i tal hat of the H i fabric is ORS bination fabric is that of the 
lower-clonga lower-elonga n tabru lower-elongation fabric 
14.9 13.9 18.7 
149 el 13.9 clonga cot tt par lar case, the \t 18.7 elonga con 
| oot ber hute tril 1 chute breaking load of the com tribution of HH nll o 
to breakin | ! bre i] bination fabric wall be Ist brea w load t 
d ble that obtat to te 
67 12.9 ingle fabric, since exactly $6.7 
58 12.9 milar fabrics are com 134 
6.3 12.5 bined 16.7 
20.3 1/9 96 
4 1.9 44.2 


om 
~ 


| 
Abs 
with rev boml i 
4 
HH load $4.2 
22.2 Bomb chute load 49.4 
Fi 
Grey HE balloon tilling Grey HH balloon tilling 
a 
1 
| 
if 
if 
| : 
Wwe 25.00 4.1 Ibs * 
Bomb chute load 25.9 toad Hit load +4 
| Combinatior BOT Combination 67.01 Combination 87.611 Combination 121.4 Ibs 
» 


{} 
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TABLE VII Continued 
i 
grace & greed Care grade B airplane Gre rade B 
ow grey boml ‘ wie with pra rte 
2 Csracit 11.4 t Grad 1! Biers 
i ‘ | eation at break of cor 
At 11.7 
elongatre At longa ‘ At 11.7 
i 
10.8 183 
41.3 19? an 
41.7 71 47.9 
16.34 Or 
$1.9 Ibs 18.3 oan 
7 
47.5 
Grade B 1} Qe 
Grade B load &5.9 Grade B load R59 
Grade B { 41.9 2 Bomb chute load 80 
Bor het te load 1s ‘ 
‘= 
Combinatior 127.8 Combinatio 
‘ - Combinatior os on 
“ab 128.2 Ib 
Grey grade B airplane Grey grade B airplas 
warp with grey grade B ware with ne Grey grade B airplane 
tirplane warp tis d witl hed 
Grade B warp—27.6 Grade B fill. —11.7' 
elongation, elor RSE made B inp 1.6 
In this part | 
grade B w inp tribut n } } 
bination tabric wall te en he rity on ct 
double that obtained for the ea 
wle fabric, since exacth 16 
ce 3 
47 
47.1 
12 
Grade B load 80.5 Grade B fill. load 85.9 
Grade B load at) ( srade B load 80.5 Grade B load 
te mac 61.2 Nl } 
‘ eload 47.3 
‘ 
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lt enera t ha that the observed and ire re id-elor ratiot characteris 
t} kine hat n tics of th hry nal 1} } 
© cak ites reas iyret t what ma tics ¢ the et tlabrics, and a method Nas beet 
be « dered 1 per nent ler r he larg established ¢ the ca tron of these re it ps 

est numerical difference was obtaimed tor the com 


nents broke ce ecutivel th vould account, mm part 
t the ‘ cre] ire observes lhere 
ever re nt hbeleve that this variation is due te 
thonunitor t t the tabrr tselt EXPETICNICE ad 
cute th | t\ 
the combinat fabric employing irps of 
th TIES tl i nultanes break 
« expected, and far nz could be observed 
Sas the case nu pote the tact t t the differ 
ence between the bserver incl the ted result 
irver th mon hit be expecte | 
4 | these two combination tabries, the percentage 
: itference vere iwhtly above the general average In the course of this research, pertinent questions 
if Put the data te vithin the limits of ¢ perimental! tTOs¢ concerning the reasons for lack of pertect agree 
; errot Only in the case of the combination fabre of ment between the observed and the calculated break 
rey THIEL balloon filling and finished nylon para ing loads and ultimate elongations for the combina 
| ith tron fal It was realized th fect av 
cl e Tithing cid a ¢ erence ¢ tion ta t was realized that pertect agreement, 
vccur to indicate results outside ot experimental et as such, was not to be had; normal sample variations 
rel \n explanation of this observatior night be alone would not allow this, and a certain deviation ts 
found ain the eftect The result expected 
eens mco tent because the me il breaks were factors other than normal sample vat 
extremely consistent | i pomt which wall will influence the results Sample (com 
Dear estivatto ponent) sippage im the course of test 1s one lip 
\s to the ditferences between observed and calcu page of one component in relation to the other will 
lated percent elongations at break, 1t was found that result in a ditterence in load distributiot This dit 
| 
the observed value w higher eal every Case terence will be reflected in the observed breaking load 
It te le that ay ther t 
‘ i V if t } 
oft thie ‘ it com the 
iw t the test icl r r to the effect of rate 
ere cet | 
t ec 
t COVE 
' the other will result in a break at a lower load thar 
uc nd that | the calculated ind the components will 
it ireak consecutivel net multaneoush he tal 


ie 
- nation of grey grade B airplane warp with itself. [1 General Discussion aie 
thy ‘ the teotiert uld have broket simul 
taneou to obtain the maxinum or calculated breal 
ny It wa noted, | vever. that the compo This researc Was projected to investigate the rela 
wey 
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breaking load but or 
the tabri« 
equal to the ditference 
elongation and the s 


1 
the calculated breakin 


break, the effects of s] 


extent of this relative 


fabric continues to 


lower-elongation fabri 


load, it would, after the maximum point, contribute test, wh 
progressively less, whereas the originally higher oretical \ ws at bore ul ror bot! load und extetsior 
elongation fabric would to all intents become the Phe second point continuation of the first 
lower-elongation tabric and contribute its breaking Since in the combination fabric the component fabri 
load to the combination ire subjected to a lower rate of loading than whet 
Phe foregoing are theoretical considerations only,“ ted individua vhat their elongation behavior 
in which it is assumed, im most instances, that there in the combinats by 
spect to the other \ctually, in practice. the magni Phe ite ng 
tude of the slippage effects is small. Within the 
thie ney wal-tab ones Jl 


' ing in the range m question are small, they must 
teristics of single tabrics are well known [{4. 14] 
nevertheles considered hecause thie cifterenece 


Phe relation of these effects to the combination-fabri 
etween observed and caiculated data are also sima 


ior of each component tabric is described by its ows 1 obtained on ti 


load-elongation curve. This assumption allows the = machine. The error is such that it affects the 
use of those load-elongation curves in the caiculations elongation values recorded at low load Thus. it 

of the combination-fabric breaking Joads and ultimate is reflected in the load-celongation curves for the 


elongations individual tabri Since it is these curves whicl 


> 
> 
t ne which breaks last will not contribute its ow: That the assumption is close to the truth 1s attested ae 
ee that load necessary to pro w the good agreement between observe ind calcu ieee 
sted by itself) an elongation ited values ot breaking load and ultomate elongati 
i, between the ultimate tabriu Evidence that the assumption is not completely ‘HERS 
a page Since this contributior valid is provided thr ugh reas ne based on a co a aie 
must be less than the breaking id, the resultant sideration of the rate-ol facto 
combination-tabric breaking wi lower that The first pomt mt reasonimg is that since two 
fabrics are supporting the load imposed, each fabric 
if In the case of fabrics of unequal elongation at 1s bemg loaded at a lower rate than the chine rate (Sr eee 
og MMM ppage will depend upon whicl t loading, because the rate of extension of the spec meg 
relatin } rie lepends upon how uch th iaw 1 
component is sipping relative t the other the cepers ch the upper “uw has 
ai lower- or the higher-elongation fabrie-——and upon the moved. For a combination fabric, a given lower iin 
jaw movement produces a higher ul than it would 
li the slippage Is that of the lower-elonga 1 tab tor either ibric a and he a prea 
= ric, the resultant breaking load of the combinatior Jaw movement Mhus, the net rate of strain for the ae... 
fabric will go through a maximum and then decrease combinaty ibric must be te than that tor eacl 
to a level which is the breaking load ot the fabric abric wie te ster eparate since the pendultn 
me which has not slipped \t the maximum point, the = type machine ther a constant-rate a not ae 
individual fabrics will change roles with respect t & ce Une 
Ae load contribution ‘f the originally lower-elongation loading rate is a funetion of the extensibility of the ae 
ginally | longat 
| xtension tionships durmy ti ourse ol 
Apt 
2 elongation data obtained tor the combination tabri 
1 ing loads and ultimat longations ot the com : ; 4 t 
break loae ine th ¢ vat ( tl tends to substantiate these consideratio 
bination fabrics Is the rate oft Lhe etlects 
\lthough the contrtbutory effects of the rate of 
Phe next factor to be considered as affecting the 
de Phe mbinat . ited combination-fabri break mig load is the 
] 1 the ultim longations based on tl 
as oads and the witinate elongations are . on tn sine-wave error 124], which is at a maximum in the es 
ssumption that in the combination fabric the 
pendulum type of testing 
23% 
ie. 
ii 
2 


| 
‘ thre ete nat t the culatec 
ce t re the rie e erro! 
4 ene thy } P neatior 
thie if ric breat 
y det t Tho ow 
thie pre t ! 
lt te t thy ‘ eTT 
{ ‘ pre t ft ree thre nitia 
t thre tet | it! 
‘ t t ‘ ‘ cle t ‘ thy 
eat ¢ ! ! t the cor 
} 
ethect ‘ tel t iat er ) the 
( the ¢ tr ric 
testis nre the ers ‘ not 
rethecte t ere 
munor error act the initial port 
thn it ! for the \ u ib 
ric re ts thy ertia i the pend! the 
t tires 1 ere t} reler ft 
tart the pet motion. This cause exter 
" the pre ih o fa 
is the autographic re | err wel 
t thy te ly t ri re 
Th tlie ‘ \ t thre 
e er! +} thect ‘ t rit 
i the } er 
| | tor be derec 
ent Cel | ‘ 
‘ t i i ite ‘ 
te ‘ \ ere 
t { t 
thre i ‘ t t ‘ thre 
trip-test pee er t 
} thet t t) 
} 
Some of thre ! teste 
the HHH and RR ba ¢ Dutt 
re nary tr ere t 


rit’ thie 
! «jue test pre 

mvolved re 
emphasizec 
curve for the componet fabrics was an portant 
ictor im influencing the precision of the calculated 

ne nt ‘ thie ithe i 4 

lo recapitulate, the calculated breaking load of 
combination fabric meludes certain load contribu 
tion to the yher vation ponent thi tr 
bution bemye equal to the 1 nece irv to elongate 

} 
the | er-elong n component to pomt equal t 
the ultimate elongation of the le wer-elc gation com 
ponent In the cal utter elongation 1s 
1 

irked off on the l-elongation curve 

for the higher-elongation fabru Now, if this par 


icular con ponent has a 


heupe the elonvat curve just prior to and at 
r¢ ih } vure } ty] ‘ il One e} ne 
ve tor tvpes of fabries \lost of t 
have a harp inflection at the break 
} 
nt is curve ¢ The curve depicting the load 
t thoy vehay the 1 ol parachut tabrie 
curve | “| \ i peculiar How at breal \ sl irp 
} 1 
flectior t rea permit precise cetert nation o 
the t te elonvatior n end point of the type 
on troduces a pronounces 
certamty int e cdetert tion of the late 
> ce a lai precise value ot 
nyation s necessary tor use in calculations mvoiy 
the deter the calculated combinattor 
ibric breaking load, the fabric with the lower elonga 
thot vas selected so that t had a sharp flection at 
real his per tted precise deter nation of 
the caler tec binat fab c breal le id It 
the mwwer-eliongation tabric had a poor intiectton ene 
t, the conse ent neertall ultimate 


| 
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: 
bis 
slight slope, a small error 
the elongation reading will shift the elongation meas es 
; 
a COMSIeTa = « stance aiomg the ioad axis and 
ss vill result in a sizable ditference in the value of the eB) 
oad contributior Qin the other hand, if the higher 
. elongation component has a steep slope, a small error oe 
F in the elongation reading will shift the elongation Ans 
ay 
measure ¢ very thy along the load axis “a 
€ negligible difference in the value of the load contri in 
bution wall result 
\nother important factor bearing on the selection oe 
the component tabries tor a combination the 
a 
4 
| 
| 
i 
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EQUAL RATES OF ELONGATION 


EQuaL ELOWGaTIONS VARIOUS ULTIMATE 


AT RUPTURE ELONGATIONS 


340 


Loan 


ELONWGaTION EL OWwGaTI 


elor gation would result ma poo value of the calcu illustrating these three considerations are plotted " 
lated combination-fabric breaking load Figure § 

\ fabric with a reasonably sharp inflection point Equal Rates of Elongation.—In the case of the 
at break was always chosen for the lower-elongation combination fabric the three components of which 
component of the combinatior Where possible, the have equal rates of elongation, as the fabric is sub 

elongation component chosen was one whicl jected to load each component Will support one third 

had a steep slope—-high elongation per unit of load of the total load up to a point | ted by the lowest 

Consideration fi B n Fabric ( nations three times the breaking load of the weake ) 

ent t! case 40 Ih Dherefore p to a tota 

In the introduction to this paper the author mti 

1 } id of 120 hy the coml ation remian 
mated the importance of the application of the pri 
ntact 
ciple to the study and improvement of aeronautical 
} } } } } Wher thre id reache 120 |b the HH ind BB 
fabrics, particulariv those used i the enve Opn 
| fabrics will break el in that order. because 
urshiy These fabrics employ various combina 
tions of BB, HH, and RR balloon cloths, one of the the HH cloth (the weakest component) will be un 
SUDDO ()-}] d and ther vill rut 
fabrics genera \ being placed n the hias Sinee ible upport i4 a there 
te «har 1] af the total toad actine 
was not possible in this project to do experimental Cure ta 
work on these combinations, a discussion of certau (120 Ths.) would then be redistributed equa Ine 
idealized fabrics will be undertaken in order to point — ween Une BB and RK clot 
out various aspects of the problem 1} redistributic t certain time ele 


ment because of longation facto 1 the 
In the following discussion BB, HH. and RR ha ent au the « gat tector When t 


loon fabrics will be considered to act 1n parallel ane 

to have breaking loads of 60, 40, and 140 Ibs... re have reached an elongation equal to that of the lower 

spectively Linear load-elongation relationships will elongation at break of the HH cloth Phe redistri 

also be assumed, for simplicity of discussion bution of the load will cause an impact-loading ettect 
Moreover. the component tabrics will be consid (20 1 } n both the BB and RR ATK vitl . 

ered to have (1) equal rates of elongation, (2) equal — resultant extension of both these components to a 

elongations at rupture, and (3) various ultimate point corresponding to the load acting Since the 


elongations. The idealized load-elongation curves load acting on each fabric is 6) Ibs., the BB tabri 


| 
| 
ae 
x 
re 
/ a / te 
“on / 
By 
aN 
| 
. 
is 
| 


4 
vill have been extended t pomnt to its elong: 
tion at break, and it w theretore rupture I} 
o-< ratvot ad re tril pl e ther re 
peated Now. however. the entire load (120 Ibs 
will bee upporter thre ne reinia ¢ poner 
the KK clotl shich ta nly when a load of 14 
ih reacheet 

here ire two iniportant pomt the loa 
elongation curve for the combination fabric. TI 
! ti it that load whuiel three the breaki 

load of the eakest ¢ prone nit uch a causit 
rupture of this conmponent \lthough the remain 
component t sustain additional loads, the org 
! il ct mibination tabru ceases te exist ar the tle 

} 1 } 
fabre would have different propertie The othe 
pot t the maximum d which the remaimi 
component or components are capable of sustamu 

Use of fabrics with equal rate f elongatiot 
t nated structure has two advantage 

1. For the low loads usually acting in aeronauts 

envelope tructure unequa detormatiot effects 
(causing puckering ) would be eliminates 

2. Law ipp ed to ich tabrue cattse equ 
tran which in turn would minumze the sheart 

effects between components and bonding media 

dy advantaye ot the Ise ¢ ! \\ eq 
rates of elongation are 

tw fabme or an ponent r i re 
niited and t at urile 
thre component have il break Ne well 
equal rate of 

} 

2. The failure of individual comp ts mav hay 
quite marked and adverse ettects on ot! portant 
properties the original combinats { 

fa} | 
onent even the wware the i te 1 
might appear to be intact 

tthe three “ ene t v} i} \¢ eqn l elor 
it rupture w tain the ‘ 
ihle breaking i ch « d be sustamed bv tl 
combination—that is, the sum of the bre load 
ot the components \t break, the e ents v 
break simultaneous 

The obvious t t! tron 1s tl 
t would yield a tabri reaking loa 


The disadvantages outhned above for the combina 


tion fabric th 


components of which had equ 


oft elongation would not exist mm this case 


limited number of combination fabrics can be post 
lated The component fabrics cal he issumec 
have ultimate vations as follows 


Case 4 HH, BB, and RR unequal 
In the three cases the effects which occur on 
breaking load of the combination as the elongation 


changes trom a pomt of equality (equal elongations 


Case 1: It has been shown that when the three fab 


1 


ultimate elongations, the combination 


fabric breaking load will be at a maximum (point ¢ 
Figure 5, 240 Ibs.) Fach fabric contributes 
breaking load As the elonyation ot the HH 
creases, its load contribution (at the rupture of 
combination ) will become progressively less. Wher 


its elongation ts theoretically at infinity, its load con 


tribution will be zero, and the combination-fabric 


breaking load will be only the BB and RI col tribu 


tions pomt ¢ 200 hs ) 
\s the elongation of the HH fabric is decre 


tions wall exist The HH will be the lowest 


its breaking load The BB and fabrics 
contribute loads below their maximum bre 
loads \s the el mgation ot the tabric 
cre ised the combination-fabric re ik ng oad 
begin to drop further below pomt C, 


\s the elongation of the HLH component continues 
to be decreased, the combination-fabric breaking 


owered to pomt C., 200 bs 


um ot the breaking loads of the BB and RK fabries 
he elongation at which this occurs can be calet 
Sines near relationships have been assumed 


\t what elongation at rupture of the combinat 


“ the combined load acting be equal to the s 
the breaking ids of the BB ine RE fabries 


ij 
| 
| 
| PexTite ReskaRcH JOURNAL 
: fabrics the three components of which have various Rete 
ultimate elongations, since the components and the ee 
combinations of components may have low or hig! ie 
elongations at break with respect to each other, a Be 
u 
5 
= 
Case 1. BB and RR equal, HH higher or lower 
Case 2, HH and RR equal, BB higher or lower ae 
7 Case 3. HH and BB equal, RR higher or lower oe 
4 
at rupture) are 
q 
| 
below that of the BB and RR fabrics, different condi 
i elongation component, and it will always contribute at 
will 
.. 
iking 
s ce 
| Will 
| 
um ot 
(This 
ae 
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elongation is the elongation at break of the HH 


fabric 


I ) elongation at break of BB and RR 
60 rate of elongation per unit load of BB 
fk 140 rate of elongation per unit load of RR 


40+ BB+ RR 200 (combined loads at break 
BB + RR 160 


7 elongation of HH, BB, and RR \ 


Lheretore 


60 140 


5 
Thus, as the HE elongat cecreases ire Et 
$f. 5. the combination-fabric bre iking load woul 
decrease from point C, to ¢ \s the HTH elong 
tro decreases below the BRB 2 d RR com 
nents would contribute decreasingly lower loads; 


when the HH elongation 1s zero, the BB and RR 
contributions would be Hence the combi 
tion fabric would break at 40 Ibs., the breaking 


of the HH component 


It assumed that as soon as ¢ t 
breaks, the origi il combination fabric ce t 
ist H vevery the remialt ! 4 ! nent 4 
nent ght actually be able t ipport greater loa 
than those ecessaryv to cause the destruct BB 
lowest-elongation component. In this last examy 
cited tor stance i the HH « ! t ecre ‘ 
to values be 5 the HH hponent | 
ture at machine ids be y 200 s., but the ret 1 
ng BB and RR tabric re ntact until 
ot 200 Ibs. is reached 

As the HH-component elongation decreases { 
to that « thie BB ine RAR tabriu t 
« | nat n-tabrie bre iking ( id will increase fre 
point C,, the sum of t ind RR breal ¥ 
t t the i 1 eal ny ke ( ble 
the « binat fabri equal to the sum ¢« the 


creases to zero, the « binat ibric breaking 
decreases to the breaking load ot the HH fabri 

For the values assumed, at an elongation 4/ 
the combination-fabric breakin 
combined breaking | f the BB RR fabs 
| at < be 5 othe it hy 


x25 

ever, the BB ang kk tfavrics W be « i} 

He of supporting up to Tbs A 
ee Case 2: As the BB elongation decreases from it “a. 
finity to (the elongation of the HH and RR fab 
ics}, the ¢ it fabri cea ny 
on 
crease trom Ibs. at port ¢ (the sum of the HH “ae 
ind RK fabric breaking loads) to 240 Ibs. at poit C, 
fe (the maximum possible breaking load). As the BB ape 
elongation decreases to zero, the combinatiot 
breaking load deci to that of the BB fabri 
\ \ For the values assume it an elongation of 2/73 
s., the combined breaking loads of the HH and RE 
fabrics For elongations below 2/ the combina 
q 
\ tion fabric w be cisrupted at lower than 
bs However, the remainmye HEI and RR fabrn 
will be capable of supporting up to PSO 

Case 3: As the RR elongation decreases from 
finity to (the « negation of the HH and BB tab 
rics ) cot ition tal re lure i} ne il in 
ae crease trom 100 |b it pom ¢ (the sum of the HH a 
} j | } 
ot and BB tabrie breaking loads), to 240 Ibs. at point ve 
C, (the maximum possible breaking ul) \s the 
RR elongation decreases to zero, the combinatior 
t of the RR fabru 
” It is important to realize that this case differs from ay. 
fabric breaking w increase When the RR 
le con nent hz i! with ite it / 2 the 
RR contribution to the combination-ftabric breaking 
AN 
mad ati When the KR con ponent 
has elongation wher than the HH and BB 
vill break at loac ver than 140 |b 1} 
ay means that the combination fabric would be d Bal | 
ES rupted but the remaining component, RR, would be > 
t t ustain a higher to it 1 reaking 
Case 4 he PTEeVIOUs ¢ covered have beet 
ies I pecial in that one component w varied while the ae 
pat ther two were of an equal elongation kept constant ee 
a vidual breaking loads). As the HH elongation de rhe last case. the ceneral one. in witich the comm Bane 
ds nents have different elongation rather comple 
nd sinople t the e tine It is conple n that 
5 netance t ar eparate It 1 
‘ simple in that it can be discussed in ter of the 
vad of the combinat n fabra never mstance 


Researcn Journal 


j lt the itter ispect, ne Nas made al it con 
n | } ] 
tributi howing the ipphieati of statistical 
methods m generalizing ta 
one Its! e entit , e to pre t the 
i i 4 ‘ 4 
Qinly component tructur elements alignes 
n parallel have thus far been investigates Since m 
tr to the dete pote! that 
e practical appucations component ire piaced on 
thre nas, it s af mnportance to study this conaditiotr 
stud \\ 1 nye e met ads of test 
t t e genegra recog! eq as stat ird because 
\ t i omponent er s e the tal ird tests 
edn er | © not directly appheable tus would also 
nelude a vectoral treatment of the irees acting 
ave rat et } tia Phe rk F the tre fe 0) 
] te, ter whicl has ppeare he ] thr iv 
i hit i he \ { t can he appires 


fits 


| \ | | 
x2 
26 
s « the sum of the breaking load of the tabric of *. Calculation of Load-Elongation Curves for Ci ik 
lowest elongation plus the at necessary to pro ponent Fabrics 
cluce the ime elongation botl i the othe fabric : ip 
: ; : ; \ further study, which is the inverse of that cov 
ered by the second recommet ition should deal with 
vill range from a maximum equal to the su f the 
; , the calculation of the load-elongation curve of one 
breaking tf the components to a theoretical 
component, given he load-elongation characteristics 
of zer Lhe theoretical at 3 
; t the combination fabric and the other component 3 
” tained when the elongation t all components are 3 by 
(or components his would have particular ap Ria 
plication in those cases where the load-elongation 
thot all component re tinite and equa 
characteristics Of a component fabric (tested by tt 
self) would not deseribe its behavior in the combina 
Recommendations for Further Study 
thon (as in bonded materials) 
the ourse of tl stud t was tout 1 that 
number of variant necessarily have to be f. LL Prin le to de Goi 
j est ord that a conmipiete 
the entire ht be rea W itl \Ithough the researc! report | herem w is done 
ew, CO to irther on combinations of two cor ponents, there is every as 
nvestivat of the following reason to believe that the principle will apply to oe 
combinations of more than two components, and ey 
| hence extension of the research to test its further 
} ppl thon would | in ord 
a In this research, the assumption was made that ippreation would be m order Ga 
the behavior eacl tabriu when acting 
in the combinatior is characterizec its loae 
ent 
curs \ ang a ption, tl 
has beer } v1 t valu (on a theoretical basi hie principic formulated in this research namely, 
= however. it has to be modified because of the rate-of the interdependency of load-distribution and elonga as 
load effects on both the calculate nd the observes tion characteristics—-should apply to combinations a 
breakine loa ind elongation 1 of comprised of any type of components. Combinations 
q these effects in the sti f Knemhination tabris re f varns with varns or varns with fabrics could be 
| investigated. Philipp studying the effect of 
the cord uniformity on the fabrie strength, has devel 
4 ( relation ‘4 ( Oped this principle and that o mulitipie components 
4 
| 
i 
Be 
| 
= 
he 


| 
1) 105 
| 
£ests on Cor nation Laories This research has been | ted to the l_elonvatior 
gs [he present work has been limited to studies u er I nilar work could be undertaken to Bes 
oo which unidirectional forces were applies Phis lima pora physical properties ich as heat pee 
tation was imposed for the most direct of tr fluid permeability, flexi t\ thre 
the principle involved. An expansion of the work 
ae 
forces are applied (burst phenomena } \rhese latter Acknowledgment 
Bes studies could be correlated with that suggested n ) ag 
i igg lo Prof. FE. R. Schwarz thanks are expressed for 
he, recommendation 6, since burst tests are mort ' SS 
plicable to the examination and analysis of combi 
a tions which include components on the bias ies 
I 
suygest 
Pe In their end uses most textile 4 iterials are sul ae 
ted t ted load 
and ading It ca Literature Cited 
be readily realized that su repeated stresses w 
cause fatigue of the materials When combinatiot t 
fabrics are concerned, \ ent 2, Apr. 2, 1043 
abrics are concernes ativue mav result in unequ 
inequa 2. AS.T.M., Committee D-13 a Textile Material 
might be crimp interchange elongation, 1942, p. 39 ( 
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Factors Which Influence the Kinetics of 
Cellulose Reactions’ 


Emil Heuser? 


Abstract 


An at t ile t that the se e react the fatter’s 
| ve rie t wal str ture Mmicroscoy ] 1 
i i i t t we seem that 1 
t t ca erst either t the othe the tw fact pred i 
the t thie as 1 the crvsta t 
i t t eactivity, as dependent the | ition the 
Practi tice mav be ed 
ko t ed a trated by cor ete examples 
t t t tt | t iti be] t it V ite exchat 
{ t i ther 
t h miav be Since the chemical reactions 
cula ve t] e of tt hyadre 
a Wot respect t t tte rroups whether they ire 
tecture vill influence the course ¢ 
‘ er the ht thoy he plivsica cces 
truct t re ii rectly eroup ine secondly ther 
rect +] 
the ¢ activity, whic essentially gov, 
react 
t t e st ture he +} } } 
‘ rece. veut ha thre te? ere te 
\ i t explain the break n the rate reactiol which mas 
thr t } 
be erved ost a che cal treatments ¢ 
} ( 1) thre ists t the dua \ its sub 
! t ‘ nmucroscoy struct t t the rat ot a rphous 
\ norcere tt rdered materials 
t 1 P ( 
ine resent the s cit est t 1 
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ind thus to neglect the influence of the chemical re glu 
activity of the hydroxy! groups the 


elucidating progress that has been made in the sul 
microscopic field. and a m ber of imteresting 

amples are available to illustrate the fluence thts 

progress upon the present-day interpretation ot the 

course of reactions 


HCOH HC=) 


Classification of Cellulose Reactions 
HCOH FIC 


ain 
actions, such as esterification, etherification ind ON} 
nder tar ol tions tenmperatu 
ation, according to tour “poss which are ra, semperatun 
etc ul mts to of the theory Under si 
derived trom the physical and cal reactivities 
1 2 conditions. the excess of periodate emploved ts not 
of the hvdroxyl groups In addition, some attention 
has been given to the hvdrolvsis of cellulose as a : 
l gre r fort \ ther side reactor pre 
, vided that the reaction is arrested after not t nm 
t] i period of time Chis beha r of the cellulose to 
Ward a perio init ecause it 
lose as a chenucal compound The degree of poly isually determine ) easurimy the 
merization (D. P.) of this ial mav be assumed lem Teac 
to range between 1400 and 16000." 
so 


lated thus 


+ 
| 
+ 
| 
| 
4 


2 | 
The reagent used for the introduction of the sub § ff 
stituents displays an exciusive preterence tor one ot 4 
the wo types of the hvare XVi groups ancl thee reaction 
proceeds in topochemical fashior slowly 8 / | 


% conversian in 40, per 


microscopic structure 


time in hours 


higl \ specihc for the secondatr h droxvl groups 
) > ler t 
é those in the 2- and 3 position f the anhydr 
These values we clerive the pect V1 ty rom waqm, dr row 
the ce e nitrate acetone t St elat frow f ” ; 
etween viscosity and ke t nad Sty 


3 
R20 
cose unmtts comprising the chain molecules 
prising 
rmor thece reagent een track hoth ¢ 
rm ¢, these reage s see t atlac} oth px 
ms sunultaneoush 
s irves and coworkers have show t 
versio the secondary VaTONVE grou] nto a 
ary 
attamet se mada hace 4 1 Shur tha 
| 
|} 
ies 
The first of the four possibilities may be formu 
Nem 
as enough to be followed \ break im the rate occurs / | | Sif. 
of when all of the reactive and easily accessible hydroxy ee 
groups located im the amorpl us Tregiots have reactet 
and when the reagent hye gins to penetrate the denser 
ll | shee / 
crystalline regions and to react with the hydroxy / I 
- 
groups located in these regions he rate of reaction 
is thus determined solely by the duality of the sub 
“ag -- | 
2 
Oxidation with Periodic Acid / 
baa \n ideal case does not exist; closest to it would 4 Bae.| 
seem to he the oxidation of cellulose with o 
acid or with lead tetraacetate, both ot which are 40 43 20 
Cellulose regenerated 
cellulose regenerated 
Ge 
= 
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The interpretation of the break in the rate of the Second Possibility 


oxidat 1 is be ng caused bh the duality of 
croscop tructure was first suggested by 
coworker 
lotted the periodate (oxygen) consumptior 
waist time and obtained a curve which 1s typical 
for ce lose reactiot falling under the first poss 
Dalit ( Figure i) The breal ccur ifter all sec 
onda hyd yrouy ocated in the amorphou 
re have reactee 
Phe proce 4 hown im these curves comprise two reactions overlap, and the break in the rate of 
the superposition of an initial fast, first-order reaction reaction becomes noticeable when the first’ reaction 
over a subsequent slow-rate zero-order reaction By approaches completion and the second becomes more 
extrapolating the linear portion of the curves to zer pronounced, The break ts independent of the pe 
time. the dash lines mav be taken as the dividing  cularities of the submicroscopir structure and 1s 
lines hetween. tha (below the dash lines) solely a matter of chemical reactivity 
and the crystalline portions (above the dash lines) Examples for this possibility rification 
lhe periodate reaction may thus be used as a method of cellulose with triphenylmethy! chloride 4 tritvla 
of determining the amorpl Mus portion in a giver tion) and its esterification with p-toluenesultonyl 
, ~ chloride (tosvlation) followed by 1odination. Until 


: 
tad 
| | | 
q 
| 
J 
| ae recently, both of these reagents were thought to be ae 
hogure 1) this portion would amount to 6 hought 
more exclusively specific for the primary hydroxyl 
‘= When the cellu ¢ is used in tts regenerate tort Bp, 
1 
groups than they actually are 
(trom its solution im cuprammonim hydroxide ), the 
mcrease 1 ob erved whet thre ted ct 
: is dred trom benzene (instead of from water), as Of the more recent investigations of the tritvlatior bla 
[- hown m curve 3 This merease in the amorphous of cellulose, the study of Hearon, Hiatt, and Fordyee a 
| [10] should 1 tioned hey found that the ori abe 
prortion has been explained by Mark and coworkers HE MENtioner They found that the 
4a mar hydroxyl groups of regener ted cellulose (from 
by the assumption that the siow renloval of the large 
‘ cellulose acetate ire tritvlated about 13.8 times as 
enzene ecu on evaporation pre 
— 
‘ fast as 1 the average of the secondary hvdroxvl 
a vert the are \ ipproachiny ea 
ther closely o that hvdroger may 
the groups in the 6-positions mav be converted, after 
| i it when the preparation ts dred tro 
al ; : which the substitution in the 2- and 3-positions be fk 
comes moore pronounced Lhe product thus obtamed 
copie structure are marmtamed when the prepar 
: has 1.0 to 1.2 tritvl groups per anhydroglucose unit 
tions are subjected to periodate oxidation 
Malm, Tanghe. and Laird |23] used the tritylation ome 
Lhe periodate reaction as a method ot determining Be 
reaction tor deternuning the number « Tree primary 
ny ~ maa i t would 
VAS Tec by Time 34 vho ob ‘ 
| eel tre their work that also in these celiuiose ce 5 
ti ed results quitt ) ot Mart re 
i la rivatives the pruvars hydroxy vroups undergo tri 
Works ntet tvlation without a. break in the rate of the reaction 
ha ‘ regardless ot whether they are located im the 
water, an umorphous or in the ervstalline portions of the struc 
r the ul cnizene ture The latest study concerning the tritvlation of 
r ot post be borne nm ¢) } hoes 
Howeve That the cellulose ts that of Honeyman {1 who, by using 
| TV er considerably a tentold excess of tritvl chloride in drv pyridine at 
or pyrid a 
if from: those obtamed by other succeeded in preparing (from cellulose regen 
| 
1 
| 
i 


DrcemBrER, 1950 83] 
erated from cellulose acetate) a trityl cellulose which average rate for the secondary positions, whereas in 
had practically the theoretical amount of trityl in the the homogeneous system Purves and coworkers 
primary po found the primary to react 11 to 12 times taster thar 
ing to the secondary hydre rroups. In addition, the 
(O.10) bens effect of temperature must be considered Whereas 
action was found to proceed rather fast in the begn Honeyman tosvlated at L0O°C, Heath and Shockley 
ning (the values mentioned being obtained after 4 worked at room temper rm lt probable that 
hours } ind then to remain constant over a lor im some CASE elevated temperature vives rise to re 
period of time; after 48 hours, the value for the crystallization of fragmented chan Undoubtedly 
primary posit Ss Was still while that tor the the reactions cCias wd under the econd sstbility 
secondary positions had reached 0.90 group per an need further study in this respect 
hyvdroglucose unit Of course, it would be ideal if for these cellulose 
reactions, and { ther is we 1 oe ! ic material 
Fosylation were available whi s 100 free 
trom erystalline portiot e reterences m the 
Posvlation (with subsequent todination) of cellu 
literature pomt to the possiblity that ha material 
ose, although seeming to pernut of a iess clear-cut 
may be prepared Phus, Hermans and Weidinger 
distinction between the primary and the secondary : 
[12] obtained an “amorphous powder” with less that 
hydroxyl groups than does tritylation, has been given 
| 10 crvstaiiine material (X-ray eth by the dry 
preference over the latter, for example, by Purves : Ste! A 
‘ grinding of viscose rayon, and Berkley and Kerr | 2] 
and coworkers [15], who used the reaction in a - Ft 
found a prey ol reget! rated ct ul whet 
homogeneous system for determining the number of 
dned from xvlene to be tree ot cryvsta materia 
free prunary hydroxyl groups in cellulose deriva 
(x-ray method ) It would be teresting, madeed 
tives Honevmiar rking Ina ncterogeneous 
to use such cellulose preparations (which could prob 
svstem, found the secondary hydroxy! groups to hoe 
ibly be further improved upon) in the study of 
reactive toward tosviation 
When tosvlation was allowe to proce¢ 
time ‘ hours—with a lo 
termed the 
nters sample, as much as 0.94 tosvl 
urse, more 
in the secondary position, whereas 
than im the 
the primary position.+ With other, 
1.01 tions may 
cellulose preparations, o1 O61 at 
ithout, o 
per anhvdroglucose it were 
| tecl lov the 
that 
Similar results were obtamed | 
ot acetyia 
and Laird [22] wel as h Hetser 
tudy 
Shockle 117 The latter used 
er the first 
cellulose regenerated from a cellu 
, the use of 
tion), replacing the water im the 
successively with methanol, ether ; 
ba 
It must be kept in mind ‘that 
nounced chenuecal reactivity intertere! 
from the duality of the submicr 
till po sible Indications miay OUps OF Ct 
Heath and Shockleyv’s [17] observat interlerence 
of tosylation in the primary positions 1 the hetero caused by the duai nature thre ibmucroscoy 
geneous system, even with the Vv activated prep structure nich anu 
ration, was found to be only 5.8 times that of the nder the second p miity uit vera ve SS 
lose witl nitroven tetre ile Ket n and coworhk 
See Table Id mevmans pub thon 19 > 
able Id in Honeyman’s publication [1 ers [41] and Maurer and Reiff [24] studied thi 
Table in Honeyman’s publication [19 
t Tables Ha and Ie in Honeyman’s publication [19 reaction and d that it is practically confined t+ 
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il 


the priviar Varox 
rec by degrad 
chains althoug! 
hbrow tructure 
tihe tor its « pletion 
| rr il ‘ 
eur he tact th at tl 
theoretica il ount (25 
mdicates that all of the 
reached regardle 
morpl of the « 
t i! tiv 
barner tor the reagent 
It is probable th 
lose tollow the 
dation wath dichroma 
both of which the prt 
ecm to le preferred 
located, Haoweve tl 
ism the 
the secondary posttior 
(m the L-positions) are 
n order on i itistiac 
etfect «of the i} 
course 
f the et 
went ther th 
ich as the meth 
mie tl e with branche 
thie ( 
Phere 
thie typ. ! 
ent ttle 
fluence 
cour these 
recent est 
etl vlat hy 
em tet the 
tort ire opt 
rr thre 
moutual 
for these than for the 
throy the intr et 
ether t tl 
‘ separate 
t bond vetween | 
uljacent ! ire 


} 
il 

rew 
| 
inet 
wative 
tor 
vith 


hypobromite, im 
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droxyl groups become more accessible On this 
basis, Sonnerskog [31] has interpreted the results 
he obtained on the ethvlation of cellulose wi 


iloride in the heterogeneous system and sul 


4 

oxidation of the «ther with periodate The 

no periodate was consumed is taken as an indication 
that the hydroxyl groups in the 2- and 3-positions 
were substituted. Likewise, Wolfrom and Sugihara 


{40] found that in the methylation (with methy! 
¢) of alkali cellulose, prepared in an anhydrous 
medium,-the hydroxyl groups m the 2-positions were 
rely preterred (on the otl eT hand, limell {38}, 
Ina number of stuches on the methylation of cellulose 
(cotton linters and viscose ravon) in the hetero 
geneous system with dimethyl sulfate and sodium 


lroxide, -lound the hydroxyl groups in the 6 


positions. If, however, the primary hydroxyl groups 


are blocked by other groups, as, tor example, they 
} 
ire sodium) cupricellulose (Norman compound 
{14]), those in the 2- and 3-positions react first.7 
Methvlation and ethvlation are much accelerated 


when cellulose is dissolved in quaternary ammonium 


bases Ihe earlier findings of Bock, of Johnston, 
ind of es were contirmed by recent mvestiga 
tions of Timell [36] on the introduction imto cellu 
ose of branched alkyl chaims, such as the isopropyl 
the econdaryv-butvl, the iebutvl, ind the 
chaims (using the bromides) Where is it was not 
possible to tre we any ¢ hese Mito 
cea st ome intities rang vever LOW 
LO group per anhvdrogiucose unit-——were introduces 
when tl cellulose was dissolved in tr r tetraethy 
nunonium hydroxide at or above 1 NM temperature 
Che amount ntroduced were tound to be ina three 
position However it least in the beginning the 
primary | roxyl groups were about 10 times as re 
active is thre te 
ill three ] 1 \ vroups bec me alkviated 1 re ane 
re uniform 
} sect } 
| © yx occupier y ethviene con 
merqal hvaroxveth ct ose Wwe a seen 
Sonnerskoo [31 using the 
} 
ethod tor determining the stribution < tit 
ent n pres s cases. finds the 2 d 3-1 t 
Methanolvysts pl \ talation vielded 
4 ethvls ‘ ethy ta 
istribution of the methvl gr was derived 
the ' it \ tion a eashics ent inatior 4 well as 
os t ft rivatives wit tetraacetat 


At 


x32 
The oxidation is ac 
tion through cleavage of the 
the maternal stil retaims tts 
ring the tine this reactor 
iZ wna tonyver), there 
that a break im the rate 
carboxyl content reaches the 
52% lroglucose unit ) 
prin roxyl groups are . 
+ 
heth ire located mm the 
ystal on The extst 
tly hains ts thus no 
her ¢ attacks of cellu 
hen the oxi 
q | | +] 
would positions to react frst and tastest; then those tn the 
revardl if they are <-positions tollow, and eventually those in the 3 
1ola | chlorite 
3 | 
3 preterred need turther study a 
4 torv assay to be made of the ‘ 
— 
n triphenvl methyl chlorite 
ethy ind prop ( Onides, 
ig chiorice are s Speci 
‘ mt much contustio. ast 
ittentien i een pa to a 
! Cast probable 
4 
copie structure up the 
Phe majority of the more ie 
‘ 
ite that in methy tron are 
| cate 
ire carried out im the | Hh! 
{ groups i the 
It that t 
positions are blocked t A 
econdary positions, Iti 
fa sufficient nun 
ntl \ result, the | a 
| ! Post on 
| 
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unoccupied, which leaves the substitutes in the 6 
positions. On the other hand, the results of a study 
by Tasker and Purves [3 


the substituent to the secondary (probably the 3-) 


positions. Further investigations are required t 
clarify the difference 
The same may be said with regard to the questi 


ot wht 1M trons are pied preteramy occu 
pied by the carboxymethyl group in carboxymethy! 


cellulose, which is prepared by the action of mono 


chloroacetic acid upon alkah cellulose Whereas 


Sonnerskog [31] assigns the carboxymethy] 


to the secondary positions, Timell [33], using im 


3 
Time Mours 


| 
ned and free hydroxyl 


assigns the substituents to the primary positions 


In none of these studies of etherification are there 


that the subnu ie structure inter rack fibers Special attention ha recently been 


siven to this method by Howsmon | 20] His study 


The reagent which is to act on cellulose exerts no henomenon is ind lent } | 


reference for anv ot the hvdroxvl groups, the latter 


were chemically equal It by the duality of the submucroscopie structure 


the react procees WIV enough to be eCasu Likewise. the heavv-water exchar at 
the break in the reachion rate occurs alter a the the present time, interpreted on , al § 
whicl though in their earlier interpretation Mark and co 
} } ] len the i 


f the curve to zero time the ordinate 1s intersectes 


inter 


+ 5 

4 
by 
833 
-— 
a 
/ 

3 
/ 
rinciple 
principle the same technique for determining the 
fa bution OCccUuy groups, Fic. 2. Hea vater exchange of sulfite pulp Bod i en 
if md Mark a 
should be studied more thorough! 
1 re thoroughly ed to ai mproved and easily reproducible 
rake and thus to a revision of the earher reported “crvs ir 
urd Possibility tallinities” and “accessibilities” of a variety of cellu 
Phe third possibility in our classification mav | Whatever the mechanism consists of 
thus by which the water molecules are held to the hydroxy! 
Hose, the preset t view ts tl it tl Is j 
activity of these grouy 1 het 
behaving as though the ips and, hence, 1s governed only j 
agent begins to enter the crystalline regions. Ih 
other words. for all three hvdroxvi eroaps the cout change ight be governe by the difference it 
earlier study, a plot of percent deut 
© react lis we uld see! to fall dey 
this possibrits (1) sorption of water (“moistut 2 
- Je exchanve with heavy water (D0) 
be (3) reaction with sodium metal in liquid ammonia against time was shown for sulfite pulp (Figure 2) ann 
it osate rmatior (4) It een that by extrapolating the horizontal portior 
at an exchange value ot valu 

nd lleavy Heat a ner (i) that all primary hvdroxyvl 

groups ot tl ul nip! 

a ampie wher eft im the air me regions excl aneve much f ene thas " 
iry NVGTOS groups; or (2) that all hydroxyl grouy 

the most trequentiv used methods tor deter n the d 

mining the crystalline-to-amorpl regions exchange much faster thas 
ystalline-to-amorphous ratio in nati thos rdered 1 

t! ew the ordered region It the itter case the 

| 

‘ 

ax 
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portional to the amount of armorpl r¢ acct 
! v 
that the result ree fairl are 
w | 
the ] a | 
! 
In the continuat the rk [7], the chemical => 
nterporetat } er ent ' the yreal 
the rate the react ad om the 
( t that it the dualit tl CTOSC ‘ inters — | 
lu terest the hea ter exchanve reactior 10 
t the re \ cee 1 
- 
i ven by rilette, Hanle, ar Mark |7| time, hours 
re hogher than the ld one ] Howe r tl 
chech ither well with those toured \ on b 
ect ture revain | 20] Re fion f 1wdine oth a ts 
cellulose preparations (Tim 
yodiume Metal in Liquid Ai 
35] eel tk itford more. equiva ntey 
rr 1} tal pretation as it beimg a reaction whicl solely YoY 
cert ne action metal dissolved u 
1 
erned by the duality of the submicroscopie structure 
! t trodueu om met nto ce 
prepared by allowing allyl bromide to act upon alkali 
observe i ist re Ver 
til a] cellulose, suspended in toluene, at boiling tenypera 
ture for about 7 davs 
j nied 1 a it day he resultant preparation, 
piete ‘ cc om 
t Which was still fibrous, was then shaken with sodine 
or yore scherTret nter 
nonobromide in ether at ¢ Phe amount of iodine 
ae \ aaeqd to the alivi cellulose was determined by esti 
i i ‘ hye third of a 
i 1, iting the rodine bromide not consumed Figure 3 
i re ter ‘ eq ita 
] tl 11 for tl taken u 
per anhydroglucose unit plotted agaist time otf re 
‘ t ‘ i rout (21 O42 
} ict tor three cellulose pre rations ottol nters 
eak was ne erye | and thu 
the break in the rate ts interpreted to occur after all 
) gardless of whether they are in the primary or the 
econdary positions, have reacted This interpreta 
tion further moples that the rat of amorphous to 
When recent crystalline material remained unchanged during the 
un, interprets the break in tl te ely the 
the ba i the effect the pic struct 
Phere is act ! efimite po the correctne 
th mterpretat tie not Incheation ire that 1 nher of este ticat re 
— t ed with ac reparat t ct with cellulose might al be classified under 
ference t the tl rd] sstbility that the reagents exert no 
| ecte tire renee any it thie two types hvdre ] 
yrouyp ind that the rate of reactior s determines 
thi structure Phe tact that atter 
* e addition ot halogen on the doul nds of i short period substantial portions of all three hy 
col lete \ illv late ce } ire esterthied is P imple 


| 
¥ 
| 
ve 
| 
wad 
ae 
ane 


Fourth Possibilit 
y 


nF, 
i it I would em ft cdicate that the three acety t ot t 
wae vdroxy] groups behave toward the acetylateng the triacetate may be obtained within the relative ee 
vents as though they were che equa he short time trot | Is nutes \nother 
Wwe is mm matty thie esterifiications, would then Zl}. who converte 1 ot regenerated celh 
cur when the reagent reaches the hvdroxvl groups lose {trom its cupran nun trot 
‘ cated in the crystalline regions. Hess and Trogus — into the triacetate within 4 to 5 minutes by displaen , 
13}, studving the heterogeneous acetviatior t ce ts water content cet vitl ether 
Hose ina benzene medium, calculated that the break ubjectyy the ether t preparat 
occurres vhen one-t re to tw thurds + tota treat ent vith ‘ 
VOTONVI ul been acetvlate « cula quantits cl t t ¢ \ccording t 
mnie tion would scem to be m better agreement th the Karrer, the ether 1 the ter 1 ntranmucellat eer 
possibility tha the that the paces of the petit uny ke tructult 
iy rreak occurs atter all primary hydroxyl groups have upon contact with the acetylating ture, the ether ee 
ih elucidat research could 4 evaporate for the cet tit ert 
icetviation and other esterificatio ot cet st 
were restudied with the imtention of arrivu ta 
reasonable assav ot the mftluence of the submuiet \nother react vhicl iv be « ed under 
scopic structure. Quite well suited for such a study third possibilit the drolys { cellulose lf 
- 
ae would possibly be the acetvlation with acetic anhy the glyes ic iy es are all considered to chen | ee 
at" dride in pyridine e., without using an acid cata cally equal, this reaction ‘ yer by the ca a 
cal vst Phe acetvlation under these conditions would iccess Which the r ! ent | the bond > 
sab 
we be slow enough to be followed by determining, at located in the amon revion . a oe a an 
AS ntervals, the distribution of the substituents ovet ince of the more tightly packed ervst ne regions te : ag 
ne the hvdroxvl groups and im the ar orphous and ervs urther penetration | Ue ent In 1 respect bs 
talline regions, and nid enough to reduce to a mint ve re the proneenn cr al 
mum possible changes of the crvstalline-to-amorphous — the studi cot ‘ ed either | 
ratio during the esterification procedure rigina thereot Mlore re 
Saag The break in the rate of reaction under the cond cent studi ive rected attention to the phet t a 
tions ¢ acetviation with anhvdride in pyridine ts non rect i tho cleave cham tragment 
more recently by Bletzinger |4] Whereas an acetyl tation to t otherwise inget 
content ot was reached after 5 hours. a time Lidl ce me mvest tors cla 
1] i wa requires to raise it to lout “Ate ( re re ver t} thre 
Other esterifieations in the pyridine uch a a ‘ thie re in the rate 
Harri Ol. it by the d 
rin show a similar course t woud not be ¢ the ality of the st 
Here, as in all other cases, careful distinetios | tructure | possibility. nee 
ule made between the etfect of the coarst further exper ent 
irchitecture t cellulose on the one hand nad of it 
e subnucroseopic structure on the other 
( thou the tormer mav be eliminated, the latter wall Reaction uch a cet see ' other este ‘ Yous 
Te ‘ wil cl tiie cryvsta ittice Is tO cl thre barre. ot the cr tructure 
ag reach a eactive \ structure reduce 4 
tt ter echould } hit | 
Bag 


the words, the re 


amorphous regions. In 


agent overcomes the barrier microscopic and 


the submicroscopie structures and reacts rather fast 
with all three hydroxyl groups There is no distinet 


break | 


in the rate of reaction The latter slows dow1 


toward the when the last remaining por 


thstituted 


to be st 


\ 
Vilfrates 


\n example of this | sibility 


Cellulose 1s 


converted substi 


tuted cellulose nitrates, with their nitrate groups im 


ill ina very short time For 


at 


three positions 


example, Schiemann Kuhne | 29] 
the mitrogen 


12.21% 


content of cotton linters may 


13.24' 


require 


after 1 munute and 


(the trinitrate 


and Hefter [3] have observed sinular| 


hot even atter a tew seconds 


those emploved by these investigators, 


speaking, 1 tandard condi 


tage, the nitrating went displays 
preference tor one of the twe types ot hydro 
\s Murray an@ Purve 25) have 
information on this probabilitv mav be obtamed by 
causing the reaction to slow dow: o that low 
ubstituted mitrates lated at interval 
The desired slowdown was accomplished by using a 
rather dilute rutration acid \ number of low 
substituted nitrates with nitr yen content rativiny 
from 2.5 to 6.1 were select lreatment witl 
odium iodide resulted preparatyy cl 
the primary mitrate groups were replaced by rodine 
The evaluation of these result showed that about 
4 of all nitrate groups present m the preparatior 


vere located in the primary posit vhich may be 

interpreted to mean that in the begining of the nitra 

fron reaction, the \ grou react at 

i taster rate than the econdary grou \s the re 

action continues, an equilibrium between primary and 
secondary nitrate groups is approach 

Undoubtedly, the slowing-down technique would 

be a suitable means for studying sucl ther cellulose 

| like nitratior proceed 

In addition, the slow ny 

il influence i the sub 

microscope structure which otherwise cannot be 


ascertained 


| 


That the 


course of the nitration reaction in 


submucroscopic structure does 

Way il 
known for some time, particularly through 
of Chedin | 5] 


in the 


is Investigator found thi 
mitration acid both the nitri 
icids penetrate the line re 


the 


pions, 


ters 


lattice much more readily thar 


Thus the sulfuric acid, lagging behind. encounters 
some hydroxyl groups which already are converted 


into nitrate groups, and this impedes its penetration 


into the respective portions of the lattice until equi 


attained. 


hbrnum ws eventually contrast, the 


amorphous regions are penetrated by both ac 
Phus, 


s of the cellulosic material are und 


to 


the same rate |6| whereas the amorphous 


portion 


uubtedly the 


first ones become nitrated, some nitration takes 


1 


simuitaneousiy or even ata 


place in the 


taster rate. 
crystalline region. This, then, would be an interest 
ing example to show that some, if not all, cellulose 


reactions proceed in a more complex manner than 


would a prior be anticipated-—undoubtedly an imeen 


further research 


for 


tive 


renewed attenti nomust | robably be givel 


difficulty which is encountered with all cellu 


lose con amely, to reach the theoretically 


versions ! 


| degree of substitution even if most of the 


ellulose sample is converted readily and without 
chenncal” or “physical” resistance Various pos 
ble causes have been suggest d to explain this phe 
! er such as stertc hindrances, mereasing hvdro 
phobic behavior, impeded diffusion of the converting 
vent ind the like It “A I] le necessar\ to consider 
‘ effects separately from those exerted by the 
croscopie and submuicroscopic structures Thus 


we may hope eventually to present a 


kinetics of cellulose reactions in which all of. the 
numerous influencing factors are duly considered 
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Air Porosity of Open-Weave Fabrics’ 


Part I: Metallic Meshes 


A. F. Robertson | 


vood correlation might be 


obtamed tor various types of tabrics This method 


it seemed likel that 


of analysis would be he same as that cus 

tomaril It was believed 

that ipproach to this problem might 

made by experiments on metallic wire 


n these screens would be con 


devised 
an ideal 


Wakeh4dm and Spicer wi } 
fabric in whieh the ri mpletely impervious to 


vreement between tit 
| the flowing was 
Part Lot the present paper covers this initial work 


th Wire sereens 


vh cn the t 


on il able 


Previous Work 


e there ire i number to reports 
ditterent porosit 7:9 
Schieter the most widel 


ind the ease 
both rese ind procdue 
pite of the thi 
testers, ver' work has been 
a fabric 

Clavton’s work | 3 


} 


Out 
shown 


Be 
| 
| Researcun JourNal 
Ling 
if [Institute of Textile Technolog Charlottesville, Virginia 
| 
{i Abstract 
ody 
hata t wire secret te ret n& to 120 es per in, and in por ties fr 
ES 
SINCE the earliest times, fabrics have been uscd 
recently, tor parachutes. all these plications 
4 the porosity of the fabric will to a great extent cde ae 
4 its utilit Numerous workers have recog iy 
a 
nized th ind several mstruments have been 
Bi 
}) 
— 
with fabric constructional vanables tor Part indicates the extent to 
open-weave with only minor success. of actual fabrics of four diffe: 
Schieler ¢ 10 12 have carried out tests on a ent WeAVeS a ad wick range of textures « ore 
wide range of such fabrics, but no detinite correla- related with fabric construct 
tion was obtained between fabric construction and 
fe 
Phe ba cho oa correlation tor these more 
} 
open-weave fabri surprising because this 
problern would to be easier to olve than 
= 1 used in this « tr List hi 1inherent 
threat ittempted \\ keham ind Spicer When Ou ! Be ‘ were 
ccurac ‘ used it 
field tL seemed profitable to ana the problem is 
Which a barner which consists of a 
number ol illel onnected no les mounted in 
{ } 1 correlate its struc 
gas flow lt the How through these 
tural pro Careiul 
done but it was only an study of the 
‘ fects ON porosit ot chang y on fabri construe 
i wit! e O ( \ 
| | tional variable at a time Rainard | & tried to cos 
| relate How data on the assumption that) viscous 
forces controlled the flow thr mie fabrics 
Wakeham and Spicer [15 ) have correla 
tion to exist between interhber volumme and perme 
| 


ability tor very tightly woven fabrics However 

the fabrics tested had very low porosities of only § \ 

to 6 ft.’ ft.2, min The tightness of the weave of iss 

these tabrics seems to rule out the existence of any very’ large number ot square ortices, or nozzles 

large flow channels between varns, and makes it forming flow channel lf, tor the sake of mM 

seem likely that all flow can be considered intertiber pl t\ we confine the mmediate discussion to a 

tlow Phe excellent correlation which they ob square, plain weave of texture (wires per inch) f and 

tained Is theretore reasonable wire diameter d, then the Open rea 1 

Some work | 4, 5, 13, 14) has been done on the 

measurement otf resistance of metallic screens and I 1 lil | 

fal rics to gas flow However, in every case analysis 5 

of the data has been trom the point of view of the Phis area may be visualized by taku t Tein. square 

acrodynamicist Thus, drag coethcients and re of the fabric and then assuming that all warp wires 

sistance coethcients have been correlated with ire pushed up Into contact w th each other along 

fabric structure These coethcients measure the one side of the square and that the filling wires are 

forces exerted in relation to the vas velocities ip) treated in a similar mannet Then the onl Clear 
proaching the tabric and thus do not  provick irea Will be that of a square of (1 fd} 
is porosity data directh Paylor and Davies’ work is Squaring, the area A, given | equation (1 sol 
% perhaps the most interesting because they included — tamed 

tests on textile fabrics, as well as on metallic screens If each of these openings is considered to be a 

and perforated metal plates. Their results, like "[0zzle and if it is assumed that the discharge coeth 

the others, are presented in terms ol a resistance co cient, or the ratio ot ae tual to ile il thow through the 

ethorent The correlation obtained was not too nozzle, of each of these Openings remams constant 

good but perhaps is as good as could be expe ted for over the flow range ol interest, then screens having 

such widely differing structures Fortunately, their equal open areas might be expected to exhibit equal 

data can be recalculated * and presented in the porosities exper ment ows that th is not the 

form Of porosity data, as will be seen late prdere case, the most hkely reason tor this being that thi 

&4) discharye coethcient varies with flow rate and pore 

Backer 1) has possibly come closest to sug Siz 

gesting a method for the correlation of porosity 

with fabric structure He observes that the inter Fluid Flow 

Varn pores form openings very similar to orifices, Bernoulli's equation, whi h states that in tsen 


ind he comments on the additional complication of tropic fluid flow the sum of pressure head, velocity 


the geometry of actual tabric pores In another head, and static head is a constant, mav be used to 
Papel 2) he analyzes these pore flow areas as a derive the equation relating velocity to the pre 
function of the type of intermeshing of the four — sure drop across the nozzk 
varns forming the flow channel 

The analysis used in the present investigation ts doh 
much the same as that suiywe sted by Backer It is \ f j 2 
issumed that the interyarn or’ wire pores form 
a series of orifices, or nozzles, through which the In deriving this equation it is assumed that densit 
major portion ol the tlow takes pl act It is pro chanyges of flowing Huid (air) are negligible Th 


posed to measure the discharge coetticients of these very closel approximated ino the work reported 


nozzles and to plot these coethcents against the he 


} 


re where pressure drop wross the screens and 
number characterizing the flow behavior 


fabri Was le ss than 1 in ol water the tests 
of the fluid with respect to each nozzle 


Equation (2) may be used to determine the volu 


Theoretical Analysis 
metric flow through the nozzk 
kelementary Dimenstonal Consideration 
\ wire screen mav be considered to present a ’ : Joh 


Q = CA 
greatly simplified model of a fabric The structure ‘ V1 1 


: 
- > a) 
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a 
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ae 
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AL 


R40) 


fluid 


acceleration of 


attained by 


velo ws 


In these equations | 


during tlow through the nozzle; 


yravity h pressure head of flowing fluid 
A ipstream flow channel area: A nozzle 
projected Open area A A volumetrn 
flow rate per pore ind ¢ discharge coetticient 


| he 


| } 
chemical engineers ino makin 


equations are of the form usually used by 


flow rmmeasure 


The 


ments by means ot orifices | 16 


discharye coetheorent, the onl 
nolds 


sary in determining Q vh values of Re 


numbers approache sab constant tor nozzles and 
orihices: however, at lower values it is far trom 
constant 

It is proposed, therefore, to determine C by means 
ot ir porosity tests equation These 
\ lune s of ¢ will ay mst corre sponding 
values of Reynolds number, Re Phis character 


istic number, giving the ratio of inertia to viscous 


forces the flowing mia Iron 


the tollow eqpunation 


Do 
where Re Revnolds umber dia ote ol 
circular orifice or width « orifice; det 


sity of flowing fthutd: and ibsolute viscosit. 
When consistent units are used. both ¢ equatte 
ana Re ‘ I] lj ‘ ontess 
Theretore, if the analogy to orifices and novzles 
holds i plot ot ¢ iwainst Re should provide a cot 
will een that screen ea A 
1) us the irea or 
! the te fen ‘ i 
¢ 
The 
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Fic. 2 Diagram of modified Schtefer permeahility 
lester ” ert fer manon er , ’ nlet 
opent 


relation for 


all How rates through, and sizes of, wire 


scTrecns 


Experimental Equipment and Method 


\ll experimental data presented here were ob- 
tained on a standard Sehieter permeability tester, 
is manutactured by the 


slight 


Frazier Company lwo 


the 


modifications machine 


were made to 
The first consisted of the 


Figure 


approaching the 


addition of a nozzle inlet 


opening This was used to insure that 


the 


screen was traveling 


perp. nau ul ir to the screen surilace 


This addition, 


allowed separation af the pressure drop 


through the inlet from the pressure drop through 


the fabri On tighth 


woven tabrics, this is not too 


important, but on open-weave tabrics error, 


which may amount to about 6‘ 


duced by not 


Phe second modification 


i vertical 


, Or more, is intro 


using such an inlet 
involved the addition of 


Water manometer to measure the pres- 


sure drop across the fabric in excess of Lin 


ol water. 


modified tester is shown in 


Figure 2 


Phe Schiefer tester is an ideal machine for making 


porosity tests because of the ease with which the 
he mounted and the inherent 


does on alibrated 


sample HAN 


ol the 


devices depending as it 


nozzles tor tlow measurement 


No ‘ omplete ( he« k 


was made of the accuracy of calibration of these 


calibrated 


but several were checked with 


NozZICS 


| 
| EX 
i 
ic. 1. Nossle inlet opening 
deh 
| 1 A 
Vi-4 
ak 
| | a 
| 
} 
| 
| 
| \ diagram of th 
| 
| 
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rABLE Srructerat Data ror PLain-Weave ScReEENS 


lexture Wire diamete 
wires in ea ( 

Screen Warp Filling Warp Filling 1 balanced 

1 RS oas? SO.6 45 

2 11.7 11.7 0194 0197 59.0 8 

a8 ooo) O09] M46 

I]-3 42 45 0122 46 10.5 

56 56 OORS »? 

90 00326 00329 49.9 48 

IV-13 120 120 OO405 10.7 

7.98 8.10 155 185 O49 84.5 

(32 11.8 11.8 129 129 58.5 70.§ 

(33 40 4.0) O84 O84 47.5 66.3 

49 OS6 ose 16 

* Screens Gl to G4 are those used by Tavlor and Davie 14 

gas meter and a precision orifice These tests indi manometer zeros, and then starting the tester and 
cated an accuracy within 1°), which ts the accuracy recording gas flow or porosity as a function of pres 
claimed by the manutacturetr sure drop across the screen. Data of this tvpe were 

Phe fabric clamp on this tester consists simply of | obtained over the widest possible range of screen 
two plane concentric annular rings between which — pressure drops possible with this tester. For the 
the fabric is clamped he lower of these rings has screens tested this involved pressure drops from 
an inside diameter of 23 in. and thereby limits the 0.01 to 0.44 in. of water 
fabric area under test When testing wire screen, Data were reduced to the dimensionless form of 
it might be expected that a significant error would discharge coefhcients and Reynolds numbers by 
be introduced by radial air leakage through the means of equations (4) and (5 
screen between the clamp rings This was checked 


7 
on several screens by filling the pores between wires Test Conditions 


and rings with modeling clay or plasticine No \ll tests were conducted in the air-conditioned 
error trom neglect of this sealing procedure was ob textile testing laboratory, where temperature and 
served for screens with meshes as coarse as 8 wires relative humidity were maintained at 74° 4 2° | 
per in and 60 4 2%, respectively During the series of 

The texture and wire size ot the screens were de tests reported, tive barometri pressure was 
termined by means of a traveling microscope and 29.5 4 0.25 in. Hg In the calculation of data. no 
filar micrometer The se data were used in calculat correction was made tor density changes within the 


ing the fabric open area, A,, by means of equation observed limits of ambient conditions specified 


(1 This open area was also checked by means of | above This introduces an uncertainty as to the 
al photos lectru photometer The two methods ot absolute values of the data ot the order ol 4 wW/ 
Measuring Open area usualh checked each other \nalvsis of possible sources ol error indicates that 
within t 1% the over all wceuracy ot the data should be better 


The procedure observed in running tests involved 


mounting the screen in the Schieter tester, checking 


tp lable | lists data on the & wire screens Which were 
used fOr the tests reported here Pextures vary 
4 
trom 8 to 120 wires per in., and these, together with 
WS _ Fz wire diameters, are listed tor both warp and filling 
i directions of the tabri« [he open area is expressed 
4-0 is a percentage ol the total projec ted area normal 
MP BALANCE « 
- a 
to the fabric surface Phe crimp ts expressed as a 
biG 3 Determination of rimp / vance percentage of that required for a balanced fabric 
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form is ours The results ire shown in 
Re, higure 6. His data, with the possible exception of 
This latter was measured by using the calibrated 


those lor screen (,2, show good correlation with 


adyustment ob a Microscope to measure he ours, and demonstrate coethcirents as high as 1.48 
i ititucles of alternate warp and filling wires at the 


These data like ours, are not completely consist 
unctions between the ty ‘ iff nees b 
Che citterence ent, but there seems to be no reason to question the 

tween these measurements asin Figure 3 
et Ist | t existence of very hich disc harve coetty rents 


to determine crimp balances One possible explanation tor these high coeth 
cients was suggested by Backer [ 2 He pointed 
Results and Dircussion ‘ out that the projected open area of the interyvarn 
Figure 4 presents the exp Li ntal data obtained pores must be smaller than the true cross-sectional 
rhe data are plotted on log of the How channel \ test was theretore run 
coordit ites order to i nearly with a grid ot pat lel wires in Ol the fabri 
| linear relationship between porosity and pressure ince all wires were mounted in the same plane, the 
drop. It will be noted that the lower porosities projected open area was actually the true minimum 
ire limited by the minimum pressure drop of 0.01 flow area The results of a test on this grid are 
in. of water which wa considered « onificant is also shown in } ivure O C octhcients is high as 1.15 
b the imelined manometer lhe mani Were observed, ind the re sults correlated very well 
mum flow rate which could be observed was slicht! with the general trend of the other data It seems 
‘ than 700 ft2/{t2. min., which was the maximum evident, therefore, that use of a true flow area as 
measurable with the porosity tester used suggested by Backer would hardly improve the 
Phese data have been put in dimensionless form Situation at hieh values of Revnolds numbers, and 
14 by means of equations (4) and (5 Figure 5 pre vould make correlation much more dithcult at the 
a sents the resulting plot ot the data Phe correla lower range of Reynolds numbers investigated be- 


coothorents ive observed Th 


together with the 


considerabls yreater than those shown tor a venturi 


le scribed 


tubs 
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RE DROP Fic. 5, Experimental porosity data—plain-weave screens 
4 i pre drot vire re 
355 
ab 
Hap 
Very 
tion of the data is perfect, esper ill the 
lower range ot Reynolds number \nother tris 
nye feature ot these re iit the fact that dischares 
fact that discharge coethcients are pee 
, 
about the accuracy of the data Calculations and 
| | ao 
theor were recher ed without discover 50 
error Which might explain the dittieult Pavior’s 
data [14] were then recaleulated and plotted in the Fic. 6. utton of data with these of Taylor at 
| =) | 
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Fic. 7 

cause it would separ. ither than bring 
together S174 

In this connection it seems worth while to pom 2. Dat lor one plam-weave tabru i ln own 
out that with the exception of Pavilor’s data for the to correlate very closely witl milar data for wire 
&-mesh screens, G1, there seems to be a yveneral screens 
tendeneyv tor the coarser screens to give lower dis 3 Lise of the empirical dat contamed +} 
charge coethcrents lhe absolute size ot the mesh piper sho ld pert ! tel e estimation of the porcsil 
or its size in relation to the du t diameter Wi which ot sqpuare pla n-weave w mie hes over a rat cot 
it is tested may have in etlect on the v ilu ot the Revnolds 1 imbers trom 20 to $i) 
coethcrent \nother possibalit worth ol con 


sideration is that variations in crimp may tend to Acknowledgment 


cause scatter in the data When results are cor 
The ravo lator mentioned this report was 
sil wit! this in possibilits mis = 
slim Thus, tor screens VII-2 and IV-13, with 
Dou hert 
rimps of 25 and 11°,, data correlation is nearh 


pertect, while tor sereens 1 and 4, with equal crimp, Literature Cited | Part I 


correlation Is poor It seems that moder ite Varta 
: 1. Backe S.. TEXTILE RESEARCH JoURNAL 18. 650-8 
tions in crimp can have only minor effects on 1948 
porost B te f a 
It Ss now beheved that the high d scharve ce¢ ‘ it 
efficients result trom the manner in which pressure 26, 1171-86 (1935 
Eckert, B er, | \ | mir 
measurements are mack This will be discussed in 
vreater detail Part 
‘ 5. (,laue H., Hirst, D. M 1 Hart 
Part 1] overs an investigation the posstbilit / 
ipp! ne tl s sate method analysis to the 334 & Mi 1469 (1932 
porosity of a large series of rayon fabrics of square, 6. La g. M. | me (+, TExtTiLe Ri 
FARCH Jour 17, 214-21 (194 
basket, twill ind mock-leno weaves B Wal 0 oy 
hould 22, 156-63 (1931 
demonstrating that this shoute rove protitable, 
Rainard, L. W PeEXTILE JoUKNAL 16, 
Figure 7 is included This shows dimensionless 4173 80 (1946 17. 167-70 (1947 
data tor plain weave tabric made with 900-den iefer, Hl ind P. M 
rayon yarn in a texture of 25 & 25 yarns per in Vatl. Bur, Standa 28, 637-42 (1942 
10. S eter Cleve te \\ 
The open area ot this fabric as determined by means R.5., 1 
Miller, J., J [ 11 
ola photometer was 15.6, \s with the wire 141-6? (19 
screens, It was assumed that all of the vas flo 11. Schiefer, H. F.. and Taft. D. H 
occurred through the interyvarn pores and that the Bur. Standay 16. 131-9 (1935 
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ae open area of the tabric was a summation of the pro Bhat 
rected open areas ot the ndividual pores Lhe 
data repres ted b the sola curve or screens 1s 
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Part II: Textile Fabrics 


Abstract 


\ seri {45 ditterent open-weave tabr have been wove four weave patterns and a large 
nye of fal cigt vl peor ‘ Labora pt il data i hese fabr © pre 
ented ire: presented rile 1 n tt h data 
phair inal “ ‘ cave how at h deyre« correla na hemselve | 
trie ere pest ! i wide range fal | hown tl 
thre ete at ective ef ed tal open area, dep ds inl 
pon tl [™ eave ! | ve the ra dhameter the sq e root 
the clenu nea ‘ 
1} | pred otte ve ‘ ‘ he ibe produced, make 
bole ane | if prod ed tabrie 
( plete des« the fal ire giver othe imple caleula rating 
he bili pre 


r 
Di DEVELOPMENT of tabrics the pertorm constructional variables on porosity Some appre- 


ince of which depends upon porosity has in the — ciation for the range of fabric construction variables 
past required a large amount of trial-and-error ex involved in this study mav be wained trom the fact 
perimental-tabric construction before the correct that varn sizes varving from 150 to 2,200 den. were 
tabru design could be se lected It seemed likels used in the production ot the fabri s, which were 
that considerable portion of the time and etfort woven in four patterns Fabric weights varied 
required for this work could be saved uo a better trom 2.5 to 13.8 oz per sq yd.; projected fabric 
understanding could be obtained of the tactors cor open area varied trom 0.20; to 40.8°7; and porosi 
trolling porosity of open-weave tabries. This ties varied from 23.5 to well over 700 ft.2, min 
report deseribes studies made on the porosity of a at O58 in. of water pressure differential across the 
series of such tabries fabri 
Part | deserthbed preliminary porosity: tests on \n attempt is made to present the data obtained 
wire screens which were assumed to represent ideal on these tabrics in such form that they mav be used 
ized) models of Labrics It was shown that porosit to predict the porosity ot proposed tabrics 
data tor these sereens could be converted to dis Pwo excellent: papers by Sieminski and Hotte 
charwe oethoients and Reynolds numbers char 5, 6) discuss the problem of permeability or 
acteristic of the flow through the sereen pores porosity” measurement and present a fine review ol 
oe When these dimensionless data were plotted for a the literature on the subject Mention is made of 
wide range of screen textures and wire sizes it was the work of Blue on “Air Permeability of Woven 
found that. with few exceptions, excellent correla Fabrics” 2 Blue attacked the problem of 
tion existed between data tor all the screens Uhis porosity of fabrics in much the same fashion as that 
zs encouraged the beliet that if porosity data for tex ised here He not only constructed a porosity 
: tile tabrics were treated in the same wa isimolar tester ver\ similar to that ot Schieter but he also 
correlation might be shown to exist used the tester to obtain porosity data for both wire 
The present report describes work done with a 
particular purpose of studying the effect of fabri 
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screens and open-weave cotton fabrics He pre 
sented the data in dimensionless form in the same 
manner as used here The discharge co 
ethicient vs. Re yvnolds number curve he obtained tor 
screens is surprisingly close to that reported in 
Part | 
coethcients which are smaller than those tor screens 


Because 


of the limited tabric samples available to Blue, it 


His data for cotton tabrics give discharge 


operating at similar Reynolds numbers 
was not possible for him to determine the extent to 
whi h correlation could be shown between data tor 
different tabrics, or between tabrics and screens 
Blue, 


range ot balanced tabrics 


was hindered by the lack 
He did pro 


attempt Was 


Clayton [| 3 |, like 
of a wide 
duce a series of tabrics in which an 
made to change only one parameter at a time His 
fabrics were not balanced because he did not vary 


While 


they should not be ex 


warp Varns as he changed the type ot tilling 
his results do show trends, 
show the true between 


pected to relationship 


porosity and structure of a balanced tabru 


\ large part ol the success ot the work reported 
here must be attributed to the fact that funds and 
facilities were available for the produc tion of a svs 
tematically planned series of fabrics of four different 
weave types in aw ide range of fabric weights, tex 


tures, and hence of porosities 


Analysis of Problem 


Che usual equations defining discharge coethcient 


and Reynolds number tor a nozzle or orthee were 
given in Part | as 
i) 
( 
A 2 
Ni 
ane 
T 
Dp 
Re Dr 5 
In these equations | velocity attained by fluid 
during flow through the nozzle or pore; g at 


celeration of gravity; # = pressure head of tlowing 


upstream flow channel area; A noz 


zle or pore projected open area; A A,/A 


volumetric flow rate per pore; C discharge 


tt 


coethicient: Re Reynolds number; D diameter 


of circular nozzle or width of square nozzle or pore 
p density of flowing fluid und absolute 
Viscosity 

It was shown that when these dimensionless con 
stants are calculated for the 


pores ol wire screens, 


Fic. & j toft sta ave for 3 


the data tor a large number of show 


degree of correlation among 


themsel ve It is as 
sumed that a similar method of analysis can be ap 
plied to textile fabrics 

Before analysis of tabric data is made on this 
basis, it would be useful to enumerate tactors which 
will probably limit the extent to which correlation 
mav be expected and which theretore must be con 
sidered in the design of tabrics tor this study 
dimensionless co 


Hof the 
through the 


quations (4) and (5) tor the 


ethicients are based on the issulmption that 


air passing through the tabs flows 


intervarn pores and none tlows through the yarn 


itself. It is likely that this assumption would be 


very nearly correct for the Open-weave fabrics 


however, for the very tightl woven tabrics it . 
ikely that significant portions of the air flow may 
take place through the varns 

It was thought that the twist present in the varns 
would be quite important in determining their com 
pactness, and thus in determining fabric open area 
as well as the extent to which the varns would be 
permeable to air Phe effect of twist on porosity of 
cotton tabrics was investigated by Clayton [3 |, who 
found that porosity increased with increase in twist 
This relationship was confirmed by the data shown 
in Figure 8 for rayon fabrics made of varns having 
three different amounts of twist 


Since ravon was to be used tor tabric construc 
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1M) . 
f 119 ; 
1) { 
< 
( 69 35 
15 69 
60 658 
i 
65 
O00) 
| ) 6 125 
“fi > 9 
he ‘ ‘ ‘ 
] 
ind nee no method ot specits 
1 
q ! common usave tor t tiaternal, it 
was decided te twist n milar to 
lor the cotton 


+ A 
where: EM t t twist (tur 
onal constant, which tor viscose rave 1 72.8 
In th tormiuuha equation (6 the constant A has 
elected h tmanner that cottor rm mad 
ravon in which have equal weights per unit 
leneth will bre biect to the wist when tive 
twist mult plier s the ( or each Th rela 
tio hy therelore pert i tematic ce nm tor 
arte ot it 1 lat cl il 
wlerist Thu correspond ts in two 
clithterent uns hawe the ime helix angle 
\nother tactor tl t el to have a efttect 
the porosit ot tate the presence or absence ot 
on the wary ul | expect ltl h no 
ine i\ the tact that toby cs 
with w vould show 
‘ warps This « 1 bye ed by the cementing 
effect of the size in holdu the fibers together ina 
tr compact in Whether or not this etleet would 
persist tlter Gesiziny s problemat othe 
work reported here was done on fabrics produced 
from unsized warps 
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| 
It is likely 


cle nd Upon the weave 


that the Porosit' ot i tabru would 


This effeet might be 


ised 


caused by changes in number and size of the inter 


inn pores the ettect «yt pore construction on the 
minimum flow area, as suggested by Backer [1 
ma the inf] renee Of weave on thre etlective 


This ettective diametet 


where dois the effective diameter, A. ts the 


ind fis the average 


Experimental Method and Results 


Consideration of the previously mentioned vari 


ibles which are Ikely to cause changes in tabri 


sted the cle rabilits ot the produ 


DOrosit' 


fabrics of at least four weave types 


several tabric weights, and use of a large range o 
ibric weights in the range trom 2 


to 12.5 oz. per sq. vd. were selected Phe tabrics 


were to be ot balanced square construction of 
plain, 2-2 basket, mock-leno, and 2-1 twilf weaves 
ptions ind cle sign sheets for these are viven 
1 \ twist multipher of 2 was 


arns as being suthcient to produce 


same time 
Pable prese nts 


the proposed group of fabrics with the experimental 


ifawly tight varn and at the to permit tt 


to exhibit fairl high streneth 


fabric numbers which most nearly meet the 


pro: 
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| 
Wewht Designation number fabrics produced 
Denier Pextur d Basket Mock-leno 
a 
on 
) 
NA 
open area, texture of warp and 
filling varns 
| 
5 
"Ge 
cected (or 
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PABLE UT, Lasorarory Prysical Data on Fanrics 
Breaking 
Break load \ve 
Weave* Warp | ended { Warp Warp Warp | Warp I 
) 19 19 11.9 14.1 144 Li 14 
bic 
58 126 86 12.1 41 0) 1.5 19.3 19.3 7.4 
13 95 11.) ) $33 138 13 9 
12.4 68 ) 18 7 3 59 64 
3 5? ) is 10.4 i 8 oo 14 10 
54 15 10 104 376 169 15 15.4 300 5.3 
ANS 
”) ; 5 64 356 $48 006 O7 14.8 14 
‘ ) OR 110 9 4 S4 7 
14 0) 41.5 64 180 2.70 1120 1120 1 26.3 is 
i 
i 
‘ (4 
My 1 5? 53 3 107 17 1, ¢ 1.4 11 
‘4 ) 52 16.5 64 »? 112 106 17.1 7.8 65 
64 i2 RO 6,2 1.33 ] 108 61 1.3 j 1.7 
63 77 76 66 13] 118 44 03 ( 
39 1 5 & 30 61.6 16 18 4 ! 4 
00 3.3 108 $1 y 67.0 17.3 ; 18 
) gs 4 $1 6 j 0 
16 | 36 1.06 118 sy 156 1s 10 12 i 
18 ) <2 ) 1.17 1.2? 6 ( 1G 4 
15 5 54 37 1.07 1? ( j j 
i 4 O74 0.77 61.3 64 18 4 10 13 
68 93 4 O64 0.66 50 5 16.6 187 7 11 
67 3 x7 x5 44 069 O78 60.0 OO 19.5 47 3 
i 1 37 54.5 5 5 3 14.4 11 2 19 3 as 
73 2 61 36 0.69 0.72 0 iS 14.0 0 0% 
i 
ig 
io 
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FABLE IN LanwokaTORY Puysicat Data ON Fittinc Yarns RemMovep FROM aBRICS 
Breaking 
Denier Pwist (TPI load 
bate N Weave Nominal \s tested Nominal \s tested Ibs 
200 304 34 1s? 9? 
1313 15.2 93 
2 335 3.3 18.8 99 
> 208 152? 
1650 1.714 46 41 12.9 9 7 
1,726 4.5 13.2 10.3 
1,72 44 12.8 98 
1740 16 12.4 10.5 


1.150 1180 $3 14 8.01 15.4 


1,190 16 7.55 14.5 
O00 O45 49 19 21.5 
5.5 40) 0.9 
912 5.1 4.11 18.4 
Qs $7 417 
OM 914 49 3.64 19.6 
3.3 3.75 0.7 
47 3.66 19.0 
3)? $5 4.90 
OO 6.0 
623 OS » 59 17.3 
6.3 
625 58 79 18.5 
69 
7.3 154 


8.4 0.74 44 
17 9.3 1.19 12.4 
OG 1.14 11.9 
70 65 47 18.1 
79 1.39 19.3 
135 
1,42 19.8 
1.40 
iM 156 11.9 11.4 O71 17.5 
158 125 0.67 19.2 
153 11.9 O.70 18.4 
ss 12.8 0.73 
156 119 O73 15.6 
lol 12.3 o7¢ 
15 12.7 0.75 17.7 
Os 12.0 O74 13.5 
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posed design \ll tabrics were woven without size 
rABLE \ Dyep Fapric Dara bl 
and were made as nearly square as possible eX 
Fabri Weave Open area Av. texture Porosity® were produced on a 30-shaft dobby toom which had 
been cut down to allow production of a tabrie 16 1n 
62 18.2 90 or le ss in width The Warp section beams were 
| 
gs 
4 19.0 167 made up on a small laboratory warpet Phese sec 
60 ; 10.8 21.5 
61 ; 356 19.0 00 tion beams were then combined manually to torm a 
warp about 10 in. or so in width 
55 j $30 8.5 124 \ small section of the completed fabric was set 
¢ 3 462 20 169 aside for porosity tests; a considerable portion of the 
) 
537 ; 0.39 0 5 61.8 remainder was used tor laboratory physical tests 
These test results are nted Tables and 
1.06 39.5 420 
The textures given are averages ol tive measure 
ments on both warp anc fill varns, representing 
9 1 1.8 140 51.7 the fabric as a whole and not one localized area 
41.0 Weight measurements were made by wernmhing 
5 4.26 43.5 9 3} 
53 0.20 10.0 534 2-in. squares of the material Vhree such squares 
| were cut to give as representative an indication as 
> 
184 4 possible of fabric weight Fabric strengths were 
31 2 15.6 25.2 167 
4 run ona Suter pendulum testing machine having a 
14.3 25.0 $91 loading rate of 11 in. per min. Five samples, 1 in 
. in width and 3 in. in gave length were tested in both ' 
a warp and filling directions. Crimp was measured 
26, 3 & 28 on the inclined-plane tester by a modification of 
4 40.9 177 the A.S.T.M test. The data’ presented are 
age averages of 10 tests. Yarn demier was measured by 
”% 5.46 54.5 140 
3427 1s 55 weighing each of two 10-yvd. samples of varn 
27 
32 3 64 $5.3 167 [wist measurements were made on 10 different : 
5 
58.9 varn samples. Breaking strength and elongation 
110 data for yarns were also measured for 10° samples 
63 3 6.62 77.5 169 removed from each tabriu In many cases, the } 
0.58 78.6 23.5 number ol sample s tested was fewer than would le 
required by A.S.T.M ind usual laborator pro 
39 1 1160t 
) 4 690+ cedures This reduction was necessitated as a re 
HW) 40.8 9.7 1250+ sult of the need to conserve the small ol 3 
fabric which was produced | 
i 51.5 520 Table Vo presents dved-fabric data, which in 
18 ) 9] 54.0 33 clude percentage open area, average texture, and i ce 
34.0 porosity at O.5 in. of water pressure differential 
45 & 53.5 446 
rcross the tabri These data were ill obtained on 
66 1 10.8 &7 0 311 the small samples reserved for porosity tests He 
65 6.4 89.0 139.2 lore these tests were run the tabru Wiis dyed a 
67 10.58 s18.7 
69 496 RRO 16867 ve lle n brown b immersion im oa saturated solution 
of Bismark Brown dve in absolute alcohol This 
99.0 34.0 1025f dye was tound to be most satistactory for the pur 
74 37.0 > 77S OF 
71 3 34.0 500) 1045.04 pose of making the yarns opaque to the blue light 
72 i 5.2 39.0 XISt of an optical photometer which was used tor mea 
uring the projec ted open area ot the fabric It had 
* Porosity (ft {t mir t O.Sin. of ropr ithe 
previously been determined that this dyeing 
entia 
+ Porosity extrapolated from data at lower pressure differ technique did not cause shrinkage and did not 


otherwise affect the open 
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and te ture cata Vere cal leno i adtw howe ives b 
tro oft effective chiar ter bb of equ Values otf 6.48 
tie j e the continue filament Size 10 ind 7.93 10 
ire usually expressed in denier, which is a function Phe porosity data listed 
of the square of the diameter. tt seemed destrable to it the same time that complete 
duimeter up chine onless torm as the ratu porosit Vs pressure ( 
ol diameter to the quare root ot the if ( I Phese latter tests were ru 
cle wr ful rang ofl the Shieter | 
trecl isd | bed u Pau | 
* 
Va discharge coethcients wer 
data \ means of eq ition 
A previ cil 
im pore these cal that ons 
\eerage values of @ are caleulated te rot the 
two equations 
typ used are pres ted | 
| 1 hat tl | 
wall bee th the pola \ CAVE pore ( 
duce etfeetin ‘ are neat 30004 
hye ified o fal { how 
in t! t ‘ ‘ the tormer 
} } 1} 
Vous tite em tthe H eflectrve 
chameter 
\lthouch there is probal ome ettect extur In these formulas th 
neausing observed vartati Within one weave stated; A s the pressure 
roup, it ha t emed 4 fitable to take account the fabric: Sis the poresit 


s the rumber ot 1 


tester modi 
numbers and 
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| therefore, been treated as it no tematic errors sq. im. ot tabs kor square plain ind twill-weave 
| 
were present The coethcients of variation vat 
from 5.16, to 7.26): the pla ind mock-leno fabries 
pected trom: the nature ot the weave ied and trot ec tive 1) ‘ ‘ ‘ 
nus erve he ambient « ed 
| brom these resuit to pred + offer l 4 
tive Varn chiameters tor rave varns having a twist 
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ave fabrics v.V is equal to tl iverave texture, whereas data tor basket, mock-leno, and twill weave re ef 
tor the Z-2 basket Weave t sequal to one-hatt spectivel In each ty re the legend list 
a the texture, since two varns weave in parallel and numbers im order otf mereasu percentage oper ae 
the large intervarn pore occurs onl once ever’ rea will be noticed that it each of the Heure 
other lt the mock-leno tabru nspectior there sa tendene for the tab s i larwe 
Be indicates that v.V should be equal to one-third percentage open area to show lower discharge co oats 
the average texture ntervarn pores ethorent it an particular Reynolds number that 
oceur only once every third inn The use of A similar tabries havir i smaller open area 
place ol stifted because of the use ot appro Lhe ver ohtl woven tabries No. §2 
priate constants in the simplified equatiot in | vure show ver hivh al charw CoO 
| complete experimental porosits data ire ethicirents It Wal thought that th might bn 
presented n dimensionless form in cures 9.10.11, caused ur flow between the tHlaments withu 
und 12 lo assist in ippreciation of the signifi In order to determine whether or not th 
cance ot the d 1 t} h narated int \ 5) \ rmunt | 
in th ita rhe nave separated into Vis hall pope i Vo Wats Mounted 
vroups representing ¢ ich of the four weave tvpes ri othe worosit tester and ven two or three coat ib am 
Figure 9 pr all fabrics of plain-weave of a very dilute solution of Duco cement in acetone 
eed construction; Figures 10, 11, and 12 present similar Phe tester was in operation during this procedure ae 
aly 
‘ 
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Fic. 13 P i for plat nd» 
Fic. 14. Porosity (at 0.5 in. of water bressure different 


thus prevented filling of the larver intervarn 


pores \iter the third coat of cement the fabric 


was found to be very stiff; there can be little doubt 


than tor the untreated sample This seems 


that the interhlament pores were well filled 
Porosity data on this specially treated sample pro 


duced discharge coothe ients only about lower 


site hat even in the tu htest we ives teste the 


to 


(Clayton's work | 3] contirms the importance of 
twist in determining fabric porosity His paper is 
probably the most careful study of the effect of 
fabric construction variables on porosity available 
in the literature This work suffers, however, from 
the fact that his tabrics were not balanced, and thus 


his results are not likely to show the relationships 


ims can be considered as impermeable barriers for a balanced fabric 
; | Data in dimensionless form tor plain, basket 
; Discussion ind mock-leno fabrics are plotted together in Figure 
| \ method has been devised for plotting fabric 13 It is evident trom this combined plot that, 
porosity. data dimensionless form Blue [2] except for fabrics having less than 2 or 3° open 
is the only other known worker who has attempted area, there is very good correlation between data 
this. His data tor wire sereens check with data for various fabric weaves and textures. Compari 
presented herem very closely Blue was limited in sen ot these data with those for wire screens in 
his work by scarcity of a suitable range of fabrics  dicates that the fabrics are behaving in a manner 
with which to evaluate his orifice theory of porosity very similar to that of the screens. [t is true that 
Phe work reported here was not so handicapped; a there ts a tendency tor the fabrics having the 
total of more than 60 tabrics were proc iced, 45 of yreater percentage Open area to show lower dis 
Which comprised ieroup ot planned tabrics to cover charge coethcients for a given Reynolds number 
i wide range of tabre wereht porositie ancl than sumilar tighter weaves: however, the grouping 
qd weaves is so close that litthe could be ¢ uned by correcting 
Figure & present data on porosit ot three ditter lor Open area 
£ \ ent square plam-weave tabries made trom 300-den Figure 16 presents a curve which represents the 
hte ravon ino a texture ot 48 threads per in These mean of the data shown in Figure 13 In drawing 
4 three tabrics differed only in the twist of the ins this curve all data presented in Figure 13 were 
i used in therm construction It s evid nt that the considered with the exception of that tor very tight 
. twist has a profound ettect on the tabric porosity WeAVves Figure 16 will be usetul in estimating 
This is probabl ichirect result of the vitect of twist tabru Porosity see \ppendix B 
2 in compacting the thber bundle and the resulting Unhke the other types, twill-weave tabrics do 
hivher varn densities with hich twist Foragiven not produce porosity data that can be correlated 
fabric no other constructional variable was Wis either with data for other-tvpe fabrics or even with 
to have nearly as great an effect on porosit data for other twill-weave fabrics. It is believed 
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that part of the difficulty with these fabrics is the 
fact that the open area is much smaller than that of 
the other fabrics tested Thus the “wild” data 
corresponding to those observed in Figure 13 for 
the very closely woven tabrics are much ‘wilder’ 
for the twill weaves because of the lower percentage 
open area tor these weaves \nother reason for 
spread of the twill data is the fact that there is 
probably greater opportunity for movement of the 
varns, relative to each other, to chanye the effective 
open area Pests with a twill-weave screen have 
shown that one should not expect a high correla 
tion to exist between twill- and plain-weave screens 
This then suggests a correction such as Backer | 1 
proposed tor effective pore area bi 
\s mentioned in Part 1, concern was expressed 


because of what seemed to be excessively high dis 


charge coefficients. Further study of possible ring produced results very similar to those tound 
causes for these high values has been made and it is | previously It is believed that this rather ambigu 
now believed that this behavior is caused by the ous result is caused by the ditheulty of obtaiming a 
manner in which pressure measurements were true static pressure measurement at a location close 
made. It will be recalled (see Figure 2) that the to that at which the maximum pressure drop might 
pressure drop across the fabric was measured be be expected 

tween the modihed entry nozzle and an enlarged Pests with the wire grid mentioned in Part | 
section several inches downstream trom the fabric have, however, tended to confirm the previous ex 
Work with orifices has shown that the maximum Planation of the reason for high discharge co 
velocity, and thus the lowest statu pressure, is che efficients Phe grid was mounted in the tester 
veloped at a distance of only ibout one halt to one und t special Stat pressui prob 
orifice diameter downstream from the orifice. With as tserted through the grid; pressure measure 


it rious positions b ‘ 
onSces it has been found that there usually is. con nents were made at various 4 tion ehind the 
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siderable pressure recovery turther downstream grid \ pre re drop rough twice (nat 

from the orifice It seems likely that a similar ously observed was found when this pressure probe 


was located just a short distance downstream trom 


effect is occurring with the tabries, and as a result a 


pressure drop less than that which ts actually ettes the grid rather than at the usual tester | 


nection location This result broug 


wesstre con 


tive is being measured it discharge 
\ test was run. fe the purpose of checkit data tor the grid well into line with values normall 
st as u NCCKING 


| 
wcted 
whether or not this actually was the case \ to be expects 


sents a plot of all ti rosit' 
special adaptor ring with static pressure tay Figure 14 presents a plot of all the poro data 


at O.5 i water pressu aift ntial ross t 
mounted between the fabric and the porosity tester im. O ave re ere 
ape nst the fabric n ar 
This placed the downstream pressure tap ibout labric, again the fabri Open red Thi cor 
1 relation between the plain, basket, and mock-leno 
in. trom the tabri Tests with this adaptor 
; weaves Was quite une xpected in view of the pre 
PLAIN RASKET Twitt MOCK- LENO viously observed correlation when the data were 


plotted in dimensionless torm It might seem 


more reasonable if the discharge coethcient were 


independent ol Reynolds number This unex 

pected correlation may result from a fortunate 

variation of effective varn diameter, pore size, and 

REEDED REEDE REEDEL REEDEC discharve coethicient as weave t' pe 1s chanyed 
DENT 2/ DENT NewT 3/ DENT 

, However, the reason for this good correlation ts 

15 Weare de ff iy pes invest fed not evident he lact that data lor wire scerect 


ab 
Bey 
853 
. 
EYNIC 
16 ( redresentiy ” f ¢ porosil ty 
i 
nad 
aa 
Lava 
3 
te 
_ 
a 
| 
= 


rextite Researcn lo 
do not show similar agreement ts probably signih Acknowledgment 
‘ hie must | consid strict] 
int Th ‘ t a rictiy Production of the experimental fabrics used 
momeal nm ruature nal annot b col der ~ 
this study was a ditheult problem \ considerable 
yeneral a correlation a that demonstrated 


portion of the success of the project must be credited 


Figure 13 tse of kivure 14 for estimation o 


to Doughert who supervised their 


fabric pore esis limited to the porosit yan 
fabri t | we production ind to Mr. ¢ | Morris, who twisted 


ol water pore ire differential across the tabru the varns. made the w rps ind wove the fabrics 
Phe prediction of bas porosity pror © co Thanks are also due Mr. Harry Mereness and Mrs 
SFUCTIO Bone oF obs object aps Katherine hase lor the help ph sical inal SCS 
estization such as th doth | ures 13 and 14 nd teats of the fabrics 

present a means tor making such predictions pro 


Appendix A 


rea \s shown b equattor 1) of Part | 
bigure 15 presents weave designs tor each ot the 
A } tal 11 four tabric types investigated during the course of 
this worl 
Lhe onl mknow i the detern ition ot AL. are 
The irns used in pr mdduction of the tabrics were 
theretore thie inn, laameter ind fabric te ture 
ot bright, continuous-hlament viscose ravon having 
f lk kture tore Owl t the elective 
the following nominal specifications 
imtt will war vith il incl ( 
construction However, as demor rated in Table Varn size (denies Filaments 
vl liamet | mains 
150 10) 
compstant lear fab struction 
120 
Phu hy means of equatio t possible 
+4 
to predict the effective if diameter {The 
for ea 1 the tabrie t Vest ited 


permits estumat tabrie por t vit fair ck 900 144 

re ol acetiric Dethils « the method ed tor 1,150 100) 

uch predictions are presented in Appendix B 1,650 O80 

O00) ORD 
Conclusions 

\\ thin the ted ral tuchied Additional twist idded to the wns cor 
this work the | onel bye responding to a twist multiplier ot 2 
lrawn \iter twisting, the warp varns were wound onto 

Porosit tor pla ive ‘ rec Colman cheeses ind placed n the creel ot a 
wads fer hau basket im! mo tert small laboraton Warper This creel had a mas 
fabrics coveru iwide range ot tabric weights. 1 mum capacity of 110 ends Smail section beams 
plotted tern ‘ lise | ime ‘ ts. Vere the Vail per ind Were ther com 
Close rouped re earl the plain, basket twill inc) leno 
characte Veaves sel required 2, 4, 3, and 6 harnesses, re 

The pore lata y est ite ectivel tor a strarht draw il Warps were 
bemme made ot tabrice porosity prior to « tier drawn ou ising 12 harnesses, the least common 

5 The ratio of effective varn diameter to the n ibtapole This permitted weaving ot the various 
quare root ¢ rhe it cle ero charging onl the hat ss chain and 
nearly conmsta for a wine t reecding Pwo additu fla esses Were sed for 
multiplier, regardless of tex eal ‘ 

bor tabs Veuve i! ‘ ten \ll sar pote vere WOVOTO rompt 
tire tw { m tty er ive ced i Knowles sU-harness Lyle dobb loom 
etleet on tabr porasit trolled a reed space of 18 The speed of the loom 
tabriu porosit to be contr ed was 140 picks per mut 


| 
| 
| 
vided an estimate can be made ot the fabric open x 
| 
area, in conjunction with Figures 13 and 14 
4 
q 
q 2 
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Appendix B 


Fabric Porosity Predictions 


In the design of a porous fabric tor a particular 
ipplcation it ts most likel that porosil and 

weight will be selected first Secondar decisions 


S (1 td)? 12 


14 


if 
15 
these equations the symbols have he ollow 
vy detinitions: S \ir porosity. ft, m 
( empirically determined discharve coethicient 
tfective irn diameter t exture 
threads per (sravitational onstant 
Pressure drop across tabri ft. of fluid 
in th fn 
rn diameter parameter; a Yarn 623 den. 1 
ze (det W = Fabric weight (oz./vd What permeabilit 
Number o ns per bric Opening Varp ane re Grop 
filling 
Combining equations (12) and (15 
\ 
( 16 
1 ) 
Z.41 X 10 “Ve 
tise le pen the 
| tabrie structure 
VDe 
17 


Substituting for V and tor D 
6011 it 1? 
& 
Development of Equation Ry 18 
i 
Ba Combining equations (14), (15), and (18 ae 
fat will involve selection of weave, thus determining 19 
and n As a result, S, and » have been 20a { ) 
selected is design constants bron These is 
he desired to predict the im size, a, and texture By solving equations (16) and (19) for values of Re age 
required provide i tabrn having the ind C which will satisfy the empirically detern ned 
a eight and porosit In order to make these sele relationship between the two dimensionless con a5. ee 
tions it is necessary to find d, C, and Re ntermed 
Me CONSUANTS ind texture such that the desired tabric weight and 
ot A ‘ vive equation 11 vie porosit he obtained lhe texture of course 
low equatior will be calculated trom equation (14) atter a has 
been determined from equations (16) and (19 
pa In deriving equations (16) and (19) no correction ' ba) 
SUIVE ibric prore tern ol irn cliamete was made for the velo ‘ ipproach of the air to 
texture | harve coetticrent pore ire dre tal tat 
ross the fabs n (8 
cross it rom equation having open areas val ne tro to the f 
range studied in this wor the maximum errot 
Ova 13 
involved is less than 106, desired to correct { 
t can be shown that tor a tabrn vith 5° for this. 16) and (19) becom 
np ha w texture ts 
: |_| ( > 
PER thus 
1 
by equats 15 | 
ol the po borlatue ol this me theoxl 
bre performance betore construc 
immed that a tabru to be woven 
}) > vart n. trom ravon ol 
vill this tabrie have for a pre 
1 of water From equation (16 
1 
2.71 X 10-*Wa 
ints for corresponding to the 
a 
dens of air at 74° F, 60°), rela 
us 
d 29.50 barometr pre ire 
x 


\ corresponding simplified form of equation (19) 
may be obtained for Reynolds number equation 


19) vives 


271 10 *Snpa 


he 
{1 


Substituting values tor p ind uu 
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Equations (22), (23), and (14) are now in con 
venient form for solution of porosity problems under 
the standard amlnent conditions selected 

For the particular problem suggested, equation 
14) vives a fabric weiwht W oof 7.12 oz. Sub 
stituting this and 7.98 K 10° tor @ in equation 
22). a value of 75.5 is obtained for S CC. In a 
similar manner, equation (23) is solved tor the ratio 
Re S and is found to give a value ot 1.26 In this 
case, a Value ot 1 is used in solving for Re S 
From these ratios and assumed values of C the 


following table may be mack 


Plotting values tor C and Re on the C vs. Re 
curve (Figure 16), it is tound that a value ot C ot 
O80 will satisty the conditions; thus, S O0.4 

Phe tabric conditions selected corre syM nad to those 


for fabrie No 3% which was found to have 


porosity of 62.3 Thus, in this case the accuracy 


of estimation was 3°) low 


Certain precautions must be used in this method 
of estimating porosity of fabrics The method ts 
ible only tor tabries race trom continuous 


hlament varns with a twist multiple of 2.0, woven 


in plain, basket, or mock-leno weaves, without siz 


ing This last limitation may or may not be seri 
ous \t present, there is no method of estimating 
to what extent sizing and desizing will alter the 
experimentally determined values of @ Data thus 


far available do not permit prediction of porosity 


ot twill-weave tabrics because in such loose-weave 


tabrics the etlective Open area May Vary with pres 
sure drop wross the tabru \s et neo method 
has been dev sed to allow tor such changes, ind thus 
no really dimenstonless plot of the data is possible 


Furthermore, it will generally be found that because 
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of the nature of the calculations the method loses 
accuracy for the very tightly woven fabrics. Of 
the four calculations which have been made for 
fabrics with open area of 2.7°7 to 40°), the a 

curacy of porosity prediction has varied from 3°; 
low to 39 high Phe method can, of course, pre- 
dict only the porosity tor the assumed fabric tex- 
ture, weight, and varn size. Where the texture 
varies, as it will across the width of a fabric [4 

porosity will also vary It is for this reason that 
the texture used in the example above was obtained 
at the same time and on the same part of the fabri 


on which the porosity measurement was made 


Second Method of Porosity Prediction 


Data presented in Figure 14 afford another and 
quicker, although probably less accurate, method ot 
prediction of fabric porosity In this figure 
porosity is plotted against fabric open area It is 
thus necessary only to estimate the fabric open area, 
and then by use of Figure 14 to determine probable 
porosity 


Combining equations (11) and (15) 


or, using equations (13) and (11) 


tw 


A 1 


kither of these may be used, depending upon 
whether Wor fis given.” For the problem assumed 
previously, equation (25) is the more convenient 
ind gives an area of 2.466 From Figure 14 the 
porosity may be estimated as 75 ft.?/ft., min 
This value is about 20°) high compared to the ex 
perimentally determined value of 62.3 /tt.2, min 
for fabric No. 38, which meets the assumed condi 
trons 

It should be observed that Figure 14 1s usetul 
onl tor predic tron ot porosity data it the pressure 
differential tor which the curve was drawn In this 
case itis O35 in. of water \s betore, the pred ted 
POrOsIt\ Is dependent upon the production ot 
fabrics in the particular manner described in this 


rm port 
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Stabilization of Zein Filaments by Baking’ 


C. Bradford Croston and Cyril D. Evans 
Vorthern Regional Research Laboratory,+ Peorta, Illi 
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TABLE I hy BAK! SHRINE TABLE krrects BAKIN KATUR 
STRENGTH AND SHRINKA Brist 
| 
‘ tu kk ve engtl water 
Raw Baked ( 18 hr: 
| 4 +4 65 1? 
Fine 
five 
having bristle characteritsti were tor shrinkage contre the optimum temperature being 
Lhe bristle vere prepared b roce nal as te } 
prey A pron 160° ¢ Strength and brittleness of the fila 
tha rt t ept t appreciably change hy teniperature 
neret hole were LO) tree irvet > 
fort ehyde precure the tiament ere atiare | 
ment obtamed by baking for dehvale 
It was found that an miportant condition for re 
ducing shrinkage by baking was the previous use of 
are formed auring the ikine step, as previou ie 
postulate wv Evans and Manlev {3 These cross 
4 \ithough an equivalent a unt of for dehivade \ vy 
ire fairly stable in water at room temperature 
titre<iuced during the acid precure t seemed 
vhen the baku treatment was usec 1 hye vantage 7 
of using the coarser filaments spun tt tormaldehyvae 
treated dispersions is shown by data in Table | 
baking was conducted in a forced draft oven at 167 ( 
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for tit he measured shrinkave « 
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Demonstration of the Presence of a Galacto-Araban 
in Raw Cotton Fiber 


John D. Guthrie and Wilson A. Reeves 
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TABLE I \werace Vatces ror tHe AND FOR KNowNS StGaRS AND [Nostrot 
cr at soiven I len solven Coll d ne soiver 
relates Known Known Known 4 
bstanee uddition Hydrolyzate addition Hydroly zat iddition Hydrolyzat 
( palact owe O14 0.44 0.43 0.33 
shinee O14 o14 0.49 0.39 6.39 O.38 
0.20 O21 O54 0.54 044 
Khamnese 0.37 0.37 0.61 062 162 0.61 
Inositol oo4 0.22 0.07 006 


' Part of the material from the Enipire cotton, 111 The colored spots were stable for about 30 min 
my., was hydrolyzed with 4 ml. of O.7.N hydrochloric This reagent appears to be superior to the naphtho 
acid at 100°C for 4 hrs. The hydrochloric acid was — resorcinol reagent for distinguishing the pentoses, 
removed by passing the hydrolyzate through a col ketose Ss. al d aldoses 
umn of 5 py. of Amberlite IR 4 \fter removal ot Since it seemed likely that arabinose could be 1so 

the hydrochlone acid the solution had a volume of lated from the material as the diphenylhydrazone, 
about 30 ml In order to insure complete deioniza about LOO mg. of the detonized sirup trom the hydro 
tion, a small piece of phosphorylated cotton fabric Ivzed material from the Stoneville cotton was mixed 
and a small piece of amimzed cotton fabric were ° with 0.3 ml. of water. 2 ml. of absolute alcohol, and 

: tirred with the solution for 1 hr. |3] Che solution 186 mg. of diphenvihydrazine The mixture was 
3 was evaporated to dryness at reduced pressure over — allowed to stand in warm water for 1 hr. and then 
B ulfurie acid, dissolved in a drop of water, and the at room temperature overnight. Needle-like crystals 
; strup was used for the identification of the sugars showing parallel extinction were obtained \fter 
by paper partition chromatography Table | gives standing ima retrigerator overnight the ervstals were 
the average RK, values for the sugars and inositol a separated by centrifugation and were recrystallized 
the hydrolyzed material, together with the average four times from about 1 ml. of 75° alcohol to vield 
RK, values for the known substances. Galactose and t+ my. of the diphenyvihydrazone The material was 
irabinose were indicated to be present im high cor identified by comparison of its x-ray diffraction pat 
centrations, and rhammnose, glucose, and inositol in tern, copper A, radiation, with that of a known sam 
low concentrations Another sugar, possibly xvlose ple of the diphenvilhvdrazone from arabinose Phe 
Was present im trace quantity. Gralacturome acid was interplanar spacings calculated from the x-ray lines 
ibsent (S strong, medium, and / faint) for the 
In order to betwee vlu s¢ and sor two preparations were 
hose and between arabine and tructose ome ot 
the chs natograms ned iphitl Diphen lhvd trom ne trom 
tton irabinose 
acid-aleohol mixture Spacing Spacing 
imstead of with as ver trate No red 853 349 V S50 8 3.50 M 
port developed. the ketose 7.44 3.35 F 7.42 F 3.34 M 
tog ra 6.00 M > OR 5.97 »96 M 
resoremol o ture where phenol wa | 555 > 84 5,52 V 
vent a blue ent at OS4 characteristic 5.41 F 5.30 268 M 
irabir developed after keepmg the chromat 1.75 2.14 M 
ran a humid at phere at 7° f 15 hrs SN $26 S OR VM 
The materia ron: the Stoneval cott va esults 3.99 2.00 F 3.97 S 2.00 
3.60 370 VW 
reemient with th htamed the terial 
from the Tua pire cotto these it t ents In order to verity the preset 
t was found that cu 1 ON 1K portion of the deionized siruy 
vend ive haracte tien ed ts with the paper chromatog analvsis 
tvpe ot ent raved t the terial from the 
is onan the usual manner and wa ved to stand for — with nitric acid according to the 
owe thre chi nat ra vere Ined usual 15 scaled d vn te a micro-pl cedure \bout 


| 
ah 
a 
| 
nee 
: 
2 


7 
| 
DecemMBeER, 1950 
4 mg. of mucic acid was obtained which was identi reported here differs from that of Chihkkin and Ro 
{ hed by comparison of its X-ray diffraction pattern zova im that it contar valactose as a major constitu 
i with that of a known sample of niucic acid prepared — ent rather than xvlose Phe experiments reported 
| from galactose. The interplanar spacings calculated above are beheved to offer the first evidence for the 
= from the x-ray diffraction lines for the two prepara presence of galactose, rhammnose, and inositol m raw 
‘4 tions were cotton fibers 
Mucic acid from Mucic acid from 
; Acknowledgment 
cotton tiber galactose 
Spacing Spacing 
Phe authors wish to thank Carroll Hoffpauis 

5.84 } 3.32 M 5.86 F 3.31 M ‘ e recucing-sugar deternimat a 

5.44 $00 5.43 3.08 F Reeves for the pentose determination, Lawrence | 

$.96 2.92 S$ 4.95 S 2.94 5 Brown for the nncro Dumas nitrogen values, and 

4.54 8 2.71 F $548 »7 

$15 4 260 M 417 64 i\ ita 

3.88 $87 Mf 244 M 

3.64 > aR S 3.62 F 


Direct oxidation of 123 mg. of the unhydrolyzed 


1. Chilikin, M. M., and Rozova, Z. S.J. Applied Chem 


material from the Stoneville cotton yielded 4 mg. of (US.S.R.) 10, 709 (1937 
mucire acid, which was also identifed by x-ray dit 2. Guthrie, |. D., Hoffpauir, C. L., Stansbury, M. 


traction pattern and Reeves, W. A.. Bur. Agricultural and In 


This is not the first report of the presence of a dustrial Chemistry, Bull. AIC-61, 1949 
noncellulosic polysaccharide material in raw cotton 3 Hoffpau 4 h, L.., and Guthrie, J. D., Biol, Chem 
fiber. Chilikin and Rozova |1] obtained such a 178 ay (199) 
material from the 70% alcohol extract of the pectin 4 Partridge, S M.. Biochem. J. 42, 238 (1948) 
5. Pigman W Browning, B. I MePherson. W 
fraction ol no fiber ported that the H., Calkins, C. R., and Le R. I fin. Chem 
material vielded arabinose and xvlose The arab Soc. 71, 2200 (1949) 
nose was obtained as the diphenyvlhydrazone, and the 6. Reeves, R. E., and Munroe, |., /nd. Eng. Chen ty 
x Vlose as t! cadmium bromide xvlonate th Ed. 12, 551 (1940) 


substa 1 Se , 7. ‘Somoygi, M., J. Biol. Chem. 160, 61 (1945) 


ances were identified solely by the appearance 


the crvstals under the mucroscoye The material Jaume 1 
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An Evaluation of Four Laboratory and Two Wear 
‘Test Methods for Measuring Perspiration 
Colorfastness in Rayon Fabrics 


Pauline Beery Mack, M. Virginia Jones, Suzanne Davison, 
and Marian Krape Knight 


Ellen Hl. Richards Institute, Sel f Cher nd 
l Pens mia S ( 
ry. 
| HIS SPUDY ‘ compar r metl per ct subject to artificial 
ippl put i rat perspirat The tabri ere tained 1 
test } eri eve { il 11 n the Amer \ se Corp 
ht ( Dhirty-t fal ( al tt the ct et \ 
‘ t il | rati T t le rie il ruct t 
‘ | t lt ere { hie ( cl led 4 
tl ‘ cetate 15 all-\ st t 
t! tw type il ture \ ay 
il t | at tor The brie vith the Vk 
perspiratiot t il | cl ire it t 
t! | 4 | t t pec } ic} 
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! t test tl emat ere | rect 
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bea hy 
2 
ughly saturated. The composite cloth was laid 
j \ modification of the tent 
ve American Assomation of Textile Cl a 
Ale the glass rod and tube was the same as im the 

liv to the plat 
ally to the plates and samples bv a 14-lb. weight and i 
ation ot Textile Cheny } 
‘ emusts and Colorists were en 
2 loved } 
ciation of Textile Chemists and Col 
oY f yreater thickness were used instead of two thi fea [ 
plates, and stead of 10 Ths. of pr ress shield rn in human perspiration test 
bove—Side view. Below—lop vier 
} 
| 
4 


Hluman Perspiration Ws ) lests 
. Belt Test.—Seven persons, 2 women and 5 met 
wore unbleached muslin belts with 10 of the rayor 
i test vatches on the inside of each belt for a total 
period of 140 hrs The ubjects cooperating in the 
tudy ranged frot edentary worker to persons en 
gaged in rigorous physical activity 
[ The belts were 44 in. wide and consisted of three 
ic. thicknesses of unbleached muslin which had been 
* quilted together on the sewing machine Test 
vatehe f 10 fabrics cut 2 by 4 in. in size were 
| ewed parallel to each other inside the belts, and 
| were overlaid with composite cloth The latter was 


SATII ple 


| + removed on three exanuned, and re ewed pe 

rHoehical The belts were pinned with safety pins 


clothing was worn over the belt 


Niter 10, 20, 50 and 70 hrs. of wear the 


subjects 


returned the belts to the laboratory tor examination 
\fter 140 hrs., when the test was completed, they 
were returned tinally to the laboratory 

Dress Nhield Test.—Dre hields such as those 
hown in Figure 2 were covered with unbleached 
Two 2-bv-4-n pieces of the aforementioned 


test fabrics were overlaid with 2-by-4-in. pieces of 


COMPOS cloth and the e were ewed to each dress 
composite cloth was basted on only 
three les »>that it could be loosened at the exam 
nation period \ pair of shields was given at one 
time to ea person performing the test, to be wort 
without eodorant r the preseribed om ver ot 
hour 1} niade it ble tor 4 ditterent tabru 
to be tested by ne persat it ca tiene | ich of If 
ubjects tested & of the experimental fabries this 
except one nbiect wil cid not complete 
the stud 
| 
| | persons cooperat in this sti were 7 
varie ca sec iry activities 
he 
t ti el itive pliy cal 
1 Ihe women fastened the shields inside of tight 
i hitting garments im sucl way that the composite 
cain cloth was next t rnear to the ski No underwear 
was Wort which came between the kin and the 
shielk Lhe wore tape affixed to the 
n sucl vay that the Hitt to the Hits 
st! 


Researcu JourNat 


ACID PERSPIRATION 


- 


METHOD 
@ cs 597-44 
@ GLASS PLATE 
@ MOOIFIED ROLL 
@ GLASS ROD 


DIN 


CLASS OF BLE 


© 
TIME 


12 
IN HOURS 


ALKALINE PERSPIRATION 


IG. Hiecding Performance of a ri 
olorfast fabric during the application of 4 perspiration 


test methods (7 oven drying times at 98°F) 


The shields were examined for the color of the 
Various components of the 
composite cloth after 10, 20, 40, 50, and 70 wear 


ing results were evaluated 


visually in a dark cabinet with standard lighting. 
Class 1 denoted no visual fading or bleeding; Class 


2 slight ( lass 3 moderate ; and ( lass } severe fading 
or bleeding. Color standard series produced in this 
laboratory for all major colors were used for com 
parison im the evaluation of fading and bleeding 
res Its 


Presentation of Data and Discussion of Findings 


/ ratory Results 


was not a serious probien 
13 showed fading in any of the 
of the fabrics showing fading great 

issified 5 Of these, o1 
> 1 
iss in any shorter lengtl 
The tabric with the 
} d fadine d 
perspiration n the glass plate test after only 6 hrs 


| 
ij 
Not 
J 
4 
J 
= 
wi 
i iround the torso above the ertstal position of the 2 Ke 
wail with the next to the KIT The 
Y2 © 12 18 24 48 
TIME IN HOURS 
ino 
The tading and bleed 
Wes 
| 


LAKALIN 


A 


SOS 
wee 
[ Acio PERSPIRATION With alkaline perspiration tests for this period of 
5 fy une, the glass rod method was the least severe the 
1 | CS 59-44 method the second least severe, the roll 
| For the remaming periods of contact for bot! 
ge rating ot all the tabrics tor the tw arti 
Clal perspiration wit t expermpental tu 
ae R value ll test periods were 
Oa | 4 averaged, the CS 59-44 application et} 
} | vith the glass rod method mext, ar the vl plat 
< | | spiration. With both types of perspiration apphed 
to the same test fabrics, the over-a iverayve values 
TIME IN HO tor the glass plate, the roll, and the gl rod method 
were very close Again. the results indicated the 
4 Bleeding performance f a representatirn dvyvisabilit of niet 
nor wrfast fabric during the application of 4 persf 
lass plate method generally ve tading 
slightly greater than tl ther method 1] ry Bleeding 
ghtly greater than the other methods at comparable eid 
times, witl ikaline perspiratior tending ft 
vhat more severe tading resuits pomted Witl icetate rayvons avec vith direct dve ot th 
BS to the validity of substituting this method tor a ype suitable for these fibers. acid perspiration tended j — 
‘age shorter time period for the CS 59-44 test. which to cause greater bleeding that kaline perspiratiot ae 
ipplied tor a longer perioe¢ yvhenever ceding occurre Otherwise. there were 
on The vat dves gave the highest re tance to fadiny no co tent tres vith respect to the « parative ee 
bleedit 
ee Figure 3 ws the laboratory bleeding perf | | _ 
een that there wv no notable difference in ovet 
ance fa tabric whi ( ortast to per 
es spiration, and | ure 4+ shows the same data for Red oF 
abric with a comparatively fugitive dye 
or the }-hr. and the 2-hr. testing periods, the 1. Averace Secor 
iveraye rating the various fabri 
t¢ cen ver close tor the et P 
oak generally good scores, taking all 32 experimental cha 4 eee 
fabri s into cle ratiot cs >44 ‘ 1 | 
| } } nenod Glass plate mv 1.72 
At the 6-hr. period for acid perspiration the CS 
44 test gave tl east severe bleeding rating of ani ‘ 
| ais the other ethe ut 1.64 1.70 4 
4 
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SUBJECTS 


10 


~ 
~ 


t-alve labrn ‘ © at at vis¢ and 
ceott ere the istest ar vit respect to | 
1 
conformit th the high performance in 
ct ot the bru the ‘ t N it-<«| ed 
fabric rate ower than Cla in ble pertorn 
ince On any test for any period of en cht y either i 
for acid or ilkaline pe piratio ry, 
lhe tabru howime the most protuse bleedu 100 
HOURS OF WEARING T 
were those dved with diaz and developed colors, for oe 


hich there were no notable differences between their 


performance with acid and with alkaline perspiration 


Ihe cdirect dye on viscose and or a 
1] SUBJECTS 
cotton mixed tabries varied im bleeding pertos 
some sl edt ecding and se e s} 5 
hbleedu partic il or the Ol a 
uJ 
The direct dye the tvpe table ad 
ravon Itkewise showes iriatior in | a 
; ly 
Trance the i ose ower 
( ‘ t ho rs) 
ne-l ill howed intermedctate deg ” 
< 


CL 


40 60 80 100 
HOURS OF WEARING TIME 


ompar nol nd Bleeding | 
rator nd r Test 
\ ny those whi | ticipated in the pr t il per 
Ts 
piration tria ther vast erence the SUBJECTS 
4} 
t pe ot etivit the ect i n the re tit 
“4 
yl intity «oft pers] itiot vhich « tact wit} 
the test swatche In the case those with | 
edentat t ppealr the test = 
tal t the the test ite | t! 
little « mo pert the o 
i 4 ~ 
OMe | irth nt rie ‘ il 
other rite t te t ‘ 
| 40 6° 80 100 «6120 


ing results which could be compared with laboratory | HOURS OF WEARING TIME 
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Rleedu fPertormance results htained a 
lt wearing ft the techniagn Ve ; bia 
be evaring perspiration tests on representatirs 
evere result than the belt metho \ioreover. re 
sult with the ‘ vere more cor tent thar 
Fac ing re sults the wearing tests bore a Clos 
bracing 1 thre i| t exceed relationship to the glass plate 1 ethod for inter 
. laboratory fading with any of the fal but fading mediate test times. The 6-hr. glass plate method e 
results obtained tor 1 ! rie tor example, gave tading results which compared | 
| physical activity, ar . definite nerspired during satisfactorily with fading results during 20 to 70 al 
Thee the study, were « ely related to tr oratory | hours of wear by the subjects who engaged tn inter cae 
me re ult obtamed | t! et med ite severe exercise i 
| 
ie 
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SUBJECT 9 
SUBJECTS 7.10 
SUBJECTS 3.4%,8 
SUBJECTS 
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20 40 &0 80 40 680 100 i120 
HOURS OF WEARING TIME HOURS OF WEARING TIME 
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SUBLECT 10 
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A SUBJECTS 3, 6,7 
SUBJECTS 7,19 
SUBJECT & 


suBsECT 5 
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subst 


OF WEARING TIME 
1 (helovw mid (above test fa 
helt etl t ¢ ‘ re | ‘ iM i 
eat re e test et 1 
VBI 
he te met apple r hr ( pares 
-[ 4 SUBJECT 8 elt wea tt of 20 to 6 ther labo 
1 } 
a ratory tests would need to be appl tor longer 
al periods rder t iniulate th e otf wear 


SUBJECTS 2.4 ‘ 
SUBJECT 5 perio 
SYBVECT 


> 0 


le ct test bru sit 
| 
e clot] r period LO. 20. 40, 50 
|< 
| J ind 70 hrs. Subyee 7,9, and 10 carried on more 
20 40 60 80 ictive pl ical labor durimyg the test period vith 
q i \ | i 1 t wit 
HOURS OF WEARING TIME é 
— ) own evidence tror the ‘ 1 
6 ccadmg fi ned dur pear ce ot the el the elye havit > 
1 roy pe ra ret pire tent thy ‘ teat 
} 
Result the hie yeaurit test tence t hve 
Figure 5 show the dve bleedin re ts cl e durnu t as the « ‘ +} 
were obtamed tor 3 of the expertme tal tal cs 1 the elt ‘ test ¢ t 140) hi 1] lve 
1 
n the belt test for the specified periods tl eved to be due part a. et that the part of 
the 7 experimental subjects the | ! ‘ enable 
Considering the dve bleeding results obtained wit} excessive perspiration ind. further. t the fact that 
the various fabrics bv the subirects of evere ine th hac the rubberized el ‘ te 


» physical activitv, 10 hrs. of wear bv the slower drving than did the muslin belt 
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With 6 of the & test fabri the wear results at Using the shield test data for a subject who per 
tiie ! were ! evere than re Its for spired sistently d the tests (Subtect 
i! the werator test estivates Dable II rives the average | eeding class (tor the 
eo weal data ob cabtferent fibers m the ce mposite test « th) for each 
tained by the eld technique Figure 7 s com of the & fabrics worn in this test in comparison wit! 
parative wear data tor representative fabric whicl that for the g’ass plate laboratory test 
featured bet n the belt and the shiele earing 1} comparative summary shows that the 6-h1 
hye } y that the el glas p ite test ilt} some vhat ess severe thar 
( beott eral n Figure / cave re rigorou the shield wearing trials for times longer than 40 
re ts than did the belt tech: it t hrs vave good comps 
the shield we mie test. howed no tests ‘by the subiect of 
Cet he nteriies te evere nsistent perspit 
! 1 
bleeding m the case of the ubject t per method unde ibte lly \ 
pired curt the test fabrics which will give 
tween re It ith the belt nicl the | iiny 
trials and the yvlass plate test for 6 ht the tune 
Summar 
dopted in the tentative test of the American Associ y 
it Four methods of applyniyg artificial perspiration 
kor colortast dved fabru yeuril test 1 1 
a test of rayon tabries were studied, using a series 
and la ratory were ‘ or 
of / periods of contact (at YS 2°F) of the test 
the lonver perods of wear 1 hich the bleeding 
ad tabrme with a composite test ¢ oth for each applica 
tended to be somewhat greater than in the 6-hr. glass hod 
tion method 
plate For fabri intermediate colortast 
Lhirtv-two textile fabries representing a wide 
1 
the © ria plate ethaodct ive ts 
: range of perspiration colortastness were used in eacl 
put ible to tol rite ite pert ear 
etther 1 thod /\ he the helt ethan 
“—T vearmg tests tor which the results were compared 
witl fugitive dyes, the laboratory metho 
as ~ vith those obtamec tor the labor ators observations 
mider cadiscu ! pat ibie to 1) 
The fading and hie alt lat 
- edu esults were re ) 
belt and to 504 hrs. by the shi metho 
the type of fibers and dves used in the clot} 
The te method embodied in Commercial Stan 


IABLE Tl CLAsses FoR CS 50-44 tended to he the tenast 
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Re 
f 
4 Severe of any 
s of the 4 test methods tor anv of the 7 test periods ae 
tuched Three other methods, all providing firmer 
\verawe bleeding cla vla plate 
contact of the test specnnen with the white composite 
& \ 0 iM) test swatch, gave results which were highly com 
parable with each other Shorter periods of test by 
these other methods, theretore, could he substituted 
borator 
6 6 tor the longer CS 50-44 test 
Nev Laboratory test conditions were compared with a 
reached 
variety of wear results \ glass plate method em 
| 4.0 6 ploving a test period of 6 hrs.. recently recommendec 
ina Research Report of the American .\ssociation of 
+ eached Pextile Chemists and Colortsts, was evaluated criti ic 
‘ cally in terms of the results of the wear tests, witl 
( the tinding that the test woul predict with reasot 
”) J | Neve hed ible accuracy the perspiration Gamage meurred dur 
> Tor 3.0 
| Ing actual wear BE 
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The Use of a Discriminant Function 
in Textile Research’ 


William Dowell Baten, Merle Ford,! and Ruth M. Heitz ** 


I, 1936 Fisher [7 | introduced the ideas pertaining 
to the use of a discriminant function tor comparisons 
taxonomic studies 
articles 1-6, 8, 9 


peared which employ this statistical technique for 


of multiple measurements in 


Since then several have ap 


various purposes \ discriminant function enables 


one tO ¢ Aare at omposite ot several \ iriable per 


taining to one ‘treatment’ with a similar composite 


pertaining to another If two kinds ot tabrie are 


under consideration several pieces Ob h 


are measured for tensile strength of warp and 
filling 


fabri 


filling, elongation pertaining to warp and 


and porosity, a discriminant funetion turnishes a 
test for determining whether or not a composite, 
made up of 5 sets of measurements for the first 


fabri ditt rent trom as milar COM posite ot cor 


* Journal Article No. 716, new series, Michigan Agr tural 


+ Research Professor, Michigan Agricul Experim 
Sta ka Lansing, Mict ul Matt 
stics, Michigan State College 

¢ Former Professor and Head of the Depa Vextib 
( thir ind’ Related Art Mict t State ¢ eye ka 
Lansing, Mu 
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responding measurements for the other tabru 
This test enables one to combine all measurements 


made on one kind of cloth and then to compare this 


combination with a semilar combination tor another 


kind of cloth Instead of havi to test each lactor 


separately for significance, as has been Mone in the 


past et discriminant tunetion provic Sa means tor 
testing an ol surements 


The primary purpose of the discriminant analysis 


is the discrimination if there is in’ between 
entities where several properties of these entities 
may be measured and combined into composites 
for a test of significance, « pecialls when the over 


lap of any one property is great between entities 
\ssume that entity 1 has three properties 
and zs, and that entity B also has these 


ind B 
between them when 
considered \ 


ilso may not ippear when the 


properties \ test of significance between A 


may not reveal a real ditterence 


only the measurements of x are 
sivmificant 
and ire 


combinations of the measurements otf x 


taken into consideration. When the measure 
ments ot x, and 2 are considered i siynihicant 
difference does tppear \ discriminant funetion 


enables one to make the latter two tests by 


: 
me 
Chis ts the first in a series of investigations on the 1 American Association ot Text ( ts and ¢ 
testing of ravon fabrics for perspiration resistance Reports Resea pre 
This stud mnorted sent t General RK Cor ttee Meeting 
His Studs Vas supported DV a Pralit aia 
ae the American Viscose Corporation and was cor «saa 
‘ iff Rep 37. 875 (1948 
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IABLE. I BREAKIN STRENGTH, SHRINKAGI AND ABSORPTION MEASUREMENTS FOR 
Kinos of Disn Towers 
Breaking strengt! Shrinkawe 
Kind materia Warp Filling Warp Filling c 
Line 114.98 O48 3.57 »72 198.43 
} 104.77 OR 1.25 2163 
Liner 0 
Cr 97.54 104.45 411 $42 
Kayvon 45 


ering, respectively, properties « and y and propertie 
v, and 
Of course if there ts a real difference between A 


ind Bas to property x, larger samples involving 


only property x will reveal this difference This 
would also be true fon propert y or property 2 


Phis extra sampling may be prohibitive because ot 
the expense ind clestruction Instead of yoing to 
the additional expense of securing more samples, 
employing a discriminant function will enable the 
use of a combination of the measurements of all 
properties of the entities for a test of sigmihcance 
Otten this function, which involves a composite of 
the measurements of all properties measured, wall 
reveal a definite difference by using the 
discriminant analysis a few more samples may be 
necessary to show a real ditterence 

For example, two wool types might have nearly 


dentical thber chametetr fiber lengths fiber 


strengths, ete It this were the situation, an exten 
sive amount of testing of any one propert would bye 
necessary im order to distinguish between the two 


wools; but if a discriminant function were obtained 


from all measurements of the properties of each 
wool type, basic differences might be established 
with much less experimentation, Conversely, if 


one property is sutherer thy identifving (one propert) 


differs over the two wool pes it is 

useless to make a complex discriminant analysis of 

SCVCT il 


Dhere are various methods tor testing significance 
between two materials. Some investigators will 
ile sine to use one ind others will preter another 
The present article indicates how a discriminant 


malvsts may be employed tor testing for significant 


ditherences Phe example described in this article 
is intented merely to illustrate the use ot this sta 
tistical techmique and is mot necessarily meant 
to turmish over-all quahty ratings In this case 
absorption might mean more to the consumer in 


terms of quality, although breaking strength might 


be considered more important in discrimination 
Phe constants used in the discriminant analysis are 
not the same as the weighting factors that would be 
required in order to obtain quality ratings. The 
data were obtained trom tests made on 3 types of 
dish towels purchased trom a dry goods store in 
we the spring of 1944 A 


linen B cotton, and Cc linen, cotton, and ravon 


Lansing, Michigan, durin 


Pwelve towels of each kind of material were used in 
the stuch \leasurements were made of the break 
ing strength of warp and filling, the shrinkage ot 
warp and filling, and the absorption. The averages 
ot these measurements are listed in Table | 

Phere are several ways ot testing these data tor 
significance between the different kinds of towels 
One method tor determining whether or not there 
ire real differences between the materials ts to test 
| 


for significance between the arithmetic means of the 
breaking strength of warp, then to test for signifi 
cance between the arithmetic means of the break 
ing streneth of filling, then to test for significance 
between the arithmetic means for other measure- 
ments This method has been emploved exten 
sively the past it s restricted to COM 
two averages ot a single characteristic 

\ discriminant function enables one to test for 
significance between types of towels by using a 
combination of all measurements made on the 
characteristics (breaking strength of warp and 
filling, shrinkage of warp and filling, and absorp 
tion This function ts called) discriminant 
function because it enables one to discriminate 
between two sets of san ples. Since a fabric ts 
characterized by several factors which act together 
instead of independently, it seems worth while to 
have a test for significance which involves all of the 
measurements for all of the factors \ diserimi 
nant function was developed for such atest. Since 3 
types of towels are to be analyzed it will be neces- 
sary to make COM parisons between 1 towels A 
and B; (2) towels A and C:; and (3) towels B and C 


mal 
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Decemper, 1950 
Let a compound, made up of the measurements 
of breaking strength of warp and hilling, shrinkage 


of warp and filling, and absorption for materials A 


linen) and C linen, cotton, and ravon) be repre- 
st nted by the line ir equation 

ax, + bxs + cx; + + ex 1 
where X2 Xs, Xs, and xs represent, respectively, 
the measurements tor each towel pertaining to 


breaking strength of warp, breaking strength of 
filling, shrinkage of warp, shrinkage of filling, and 
and ¢ are constants to be 
When the 


respective values pertaining to the first towel in A 


ibsorption; and a, ¢, d, 


found from both sets of measurements 


are substituted in equation (1), a value, Z’, is ob 
tained, which is an index tor this towel Pwelve 
inde xes may be obtained for the towels in A 


When the values of the measurements for the first 


towel of C are substituted in equation (1), a value, 
Z"', is obtained, which ts an index tor this particular 
towe! Twelve indexes may be obtained tor the 
Let 2’ and 2” represent, respectively, 


the averages ol the indexes tor towels 


towels ot Cc 


A and towels 
whether Z’ is sig 


the dit 


Cc The question arises as tt 


nihcantly different from 2”, or whether 


ence 


D 2’ 2" ) 


is significantly different from zero The linear rela 
tion Z is called a discriminant tunction because it 
between the 


ot 


enables one to test for significance 


representatives lor the two 


between Z’ and 2” 


two types of towels are 


groups towels, 
The representatives for the 
found from equation (1 


all 


measurements pertaining to both groups of towels 


the discriminant function, which is made up of 


This discriminant enables to deter 
mine whether Z’, ned from Z, ts 
different from Z”, which also is determined from Z 
The test actually is a test between two averages 


and a” 


function one 


determ 


which is 


between 


or two composites or two 

indexes 
It is necessary to tind the constants a and 
ein this linear composite and then to carry out an 


analysis of variance on the indexes Z’ ind Z 


which are averages for the 5 sets of observations on 
the se two! ibric ~ 
The difference between the means of these two 
sets of indexes is 
where d represents the difference vetween the 
7 


averages ol the me: breakin 


surements ol 


of warp for fabrics A and C, d» re ats the differ 


rr 
res 


ence between the averages of the measurements of 


breaking streneth of filling for these two materials, 


d, Tepresents the difference between the arithmetix 


means of the shrinkage measurements of warp for 


these two materials difference 


between the averages of shrinkage measurements of 


filling, and d, represents the d between 


Nerence 


the absorption measure 


the arithmetic means o 


ments for these towels 


Towel A Versus Towel C 


By methods explained in Fisher's first paper [7 


the values of a. b, c. d. and e were found to be 
a 0.013228 0.004971 0. 3090901 d 


0.020239: and ¢ O03900 


By 


ince XCS 


substitut 


iny these sinequ ition 1 the and 


respec tive ly, are ¢ bt ined 


Z + 0.00492 1x, + 0. 30909014 
O.020239x, + 

and 

Z O.013228a°, + + 40990014 


+ 


By substituting the values for A Y., ete., the 
arithmetu means tor these indexes are Tespec 
tivels 
V4 0.013228(114.98) + 0.004921(93.43 
+0. 3099016 3.57 0.020239(2.72 
+O. 00389005195 43 0.752287 
0.013228(97.53 0.0049271(103.35 
+ (.309901(4.11 00202391 3.42 
200 1.241232, 5 
where the quantit es mb pa entheses re the iver 
aves yviven in lable | 


he difference between these index 18 
2” —Z 0.488945. This difference also can 
be found by using equation (2) as tollows 
D 0.013228 17.45 

309901(0.54 OO2Z02389 0.70 

+ 0.003900514. 39 +0 230829 

(167347 0.014167 
0.056121 0.488045 
lhe question arises as to whether or not this 
difference between the two index mea is due to 
chance fluctuation 1 random imp or to real 
differences betwee the kinds of tabru of which 
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Il \Nal oF \VARIANCH THE COMPOSITES OF 
tar S Se w Mea PrRTAatnt 
NI AYE RIA 
Degree Mea 
‘ 
‘ 
Between compound 5 14354402 0), 2860880 
Within na OC OL6298 


the towels are made This question is answered 


by an analysis of variance of the indexes for the 


Pable II The ratio of the mean square between 


S sets of observations inalysis is given in 


indexes for the two kinds of towels and the mean 


within indexes for the two. sets 


Fable 


observations 


yviven in 


stunifieant: hence Z tor the 5 sets of 


on linen towels ts ditter 


ent from 2", the representative, for similar observa 


tions on the linen, ravon, and cotton towels 


means that, considering only the 5 characteristics 


investigated (breaking strength of warp and filling, 


shrinkage of warp and filling ind absorption 


towels made of linen, rayon, and cotton are sig 


different trom towels made ot) linen 


ilone 


The sizes of the ibsolute ilue s ol the terms in 


the expression for 2) indicate the importance of the 


variables of which the discriminant function ts 


composed Breaking strength of the warp is the 


most mportant tor discriminating between these 


types of towels, shrinkage in warp is next in im 
portance, absorption is third in importance, break 
ing strength ino filling is tourth, and shrinkage in 


filling last 


Towel A Versus Towel B 


\ similar analysis tor the 5 sets of measurements 
tor towels A and B reveals that there is a significant 
difference between representatives of the linen 


towels and the cotton towels as tar as the measure 


ments of breaking strength, shrinkage, and absorp 
tion are concert magnitudes ot the 
lute values of the ter! Din ite th n 
prortanes the ch s of the or 
discriminating between the two materials. Shrink 
we of warp was the most ortant 
lor clisting ishing A towel B 
breaking strength of filling was second in impor 
tance, while absorption was third mportance 


breaking strength of warp was next in importance; 


and shrinkage of filling was of least importance 


Towel B Versus Towel C 
\ similar analysis shows that the cotton towel is 


swnificantly different from the linen, rayon, and 


cotton towel The tudes ol the 


may! ibsolute 


il } 


values of the terms in D for these ils show 


mater 
that shrinkage of warp is the most important char 


awteristic for distinguishing between these two 


towel fabrics; shrinkage of filling is next in im 


portance; absorption is third in importance; break- 


ing strength of filling is fourth in importance, whik 


breaking strength of warp is last in importance 


The ranks of the importance of the \ 


characteristics or measurements depend upon the 
individual towels and may change as these analvses 
shown For other fabrics 


have these ranks ot 


importance of the characteristics may be 


quite 
ditferent trom those above 


Conclusions 


By the use of a discriminant function made up ot 


measurements on 5 properties of towel fabric. it is 


possible to test tor significance between any two 
fabrics 
\ discriminant ftunetion enables one to compare 


This 


composite or compound of several factors should 


compounds made up of several variables 


prove of value when it is desired to differentiate 


between two entities which may be characterized 
by several properties which can be expressed as 


numerical values. It can be beneficial to research 
workers in textiles tor at tectinyg ditferences between 


entities which involve two or nore factors 
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Use of a Microscopic Technique in Studying the 
Filtration Characteristics of Wool and 
Cotton Fibers” 


Clarke A. Rodman and Alvin W. Panseyt 


PRINCIPLI objective ot 
tung-oil filtrat Is to maimtain engine 

case onl visibly clean and at the same time 
brasive It rder to accomplish this objective 
s necessary tor a filter medium to remove 
the orl two types of ol-imsoluble contaminants 

tbrous comprisi 
thread waste packs, or pap 
It is. heli ved 


matter 1s removed by mech: 


rganic colloidal matter is removed by a so 

mechanisn \ nucroscopic technique was usec 


study the latter functior 


Contaminants Found in Automotive 
Lubricating Oils 


Inert, Inorganic Matter 


This contamimant consists of 


into the automotive engine 


tree 


trom 


nder dusty held conditions, and sand, metal tiling 
ete.. which may be left in an engine during tts manu 
icture an whicl become loosenec during the opera 
tio! These contaminant particles, which range 1 
size fre hout 2 to 40 in diameter, act as abra 
ive 1 etl deleterious to the smooth perform 
ce ot the engine moving parts except for 
slight wien activity, these particles ire relative 
ert to the tvpe of surface-active agents which are 
commonly used in conjunction with filter media 
( idal Vatter 
This type contaminant consists ¢ carbona 
eous soot arn it ilcle des 
Paper present it ti i The Fihe ‘ ety, | 
tana Village, North Car na. April, 19 


‘ 
373 
OF 
a Research Department, Fram Corporation, Providence, Rhode Island ae 
ve acids, and resins \ll ot these are produced bv a 
ik pyrolysis decomposition of both tuel and lubricating 
( ol Phese contaminant particies range i 
it trom jess that etines ayyrepates ot 
the se ColOlds are une which are AS rve as 20 
ert «diameter. In additive lubricating oils such as deter 
\ oils, the largest of these particles ts in the 1-5 
ds range The turbid black r ot engine crankcast 
is dramimgs is usually attributable to this twpe ot 
ical sieving and that the 
} 
ton Automotive Lubricating-Oil Filtration 
to 
| Mechanical sieving is a function of quiescent 
straining by means of a scree In this operation 
the largest particies become loc ved 
pores, thereby producing smaller holes, whieh in turn 
are filled by smaller particles The result is a filter 
cake which in time wi hiter out the miahest of 
troduc crankcase particle as the decreasing voids are filled 
1 
phenomenon is illustrated schematically in Figure 1, 
which shows a cross-section of the mechanical hilter 
et cake By the time the mechanical filter-cake pore eae 

are sinall enough to remove the semicolloidal organn 
1a 
ae matter, the restriction to oil flow is beyond a practica a ree 
} 
| permient have been carried out with metal 
screens having a umform pore size of 25 p \ filter 
test LDTASIVE (.\mern it nc i ery 
Present ress: Pansy Weaving Mills, Pawtucket 
+ 
Rhode I Fic. 1 section of mechanical filter 
i 
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1 
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wy thousandths of an inch apart. A few drops of cor 
rABLE I Counts of O11-EMerRy 
minated oil, usually the oil from the drainings of 
SUSPENSION taminated of, usually rom t irainings ot 
nile crankease, are place | between the 
\iter 4 passages 
a4 : es and allowed to flow over the fibers. The « 
rough screen 
2 
he 7 Partich Before having a uniform with its contaminant particies, tends to flow rapialy 
more e of 2§ 
across the fibers, thereby simulating the conditions 
encountered in an oil filter when it is functioning 
510 > \ The contaminant build-up is rapid at first, and, as 
; f 16-20 4 13 the build-up continues, an area which is void of con 
i \bove J0 62 6 
\ tammant at the start finally becomes covered with 
a contaminant. Whole aggregates of contanunant pat 
’ No, 302) suspended in an oil of 23 centistokes vis ticles occasionally become loosened and flow free of 


cosity at the test operating temperature was used the fibers Where the fibers are closepacked the 


ied lypical particle-size counts of the oil-emery suspen Nass of contaminant particles remains stabilized 
bs ion before passage through the screen and after four This technique was adapted from a method discussed 
= passages through the screen are given in Table | by T. C. Worth of British Filters, Ltd. [1]. Wort! 
The apparent reduction in particle size after filtra claims that the action 1s an electrical phenomenot 
ie tion is caused by the removal of the larger particles experiments carried out by Worth indicate that at 


examination of the engine crankcase i durimy a a pressure drop ot Pa) p.s.. across a mat ot fibers an 
filter-test evel how that certan urtace activated 91.3.4 4 15 volts is generated \t higher pressure 
fibers maintain clean oi at all tine In this case drops (25-35 psi.) a negative e.nt. is generate 
the fibrous filter medium had an average pore. size It ts his theory that the contarainant particles becom 
five to ten times greater than the largest particle of | oppositely charged to the charge of the fiber surface, 
the contaminant used This incheates that a mecha thereby pr rater ng an attraction of the particles to the 
nism other than mechanical sieving alone 1s opera fiber surtace 
tive im lubricating-ol filtration 
‘ rption 
A 2. 
contaminant particle adhering to a fibrous irtace 
which ts suspended im a laminar oil stream Figure 
2 illustrates this phenomenon schemiaticalls lisa 
wore tormed hy a ¢ { show 
sucee ive build-up ot irt ( inant par 
ticles such as. the colloidal nic re 
picked up by the -tiber surfaces surtace of dirt 
particles ino turn picks up more particles until a 
bridge of contaminant particles is buslt across the Cc 
pore Phe forces holding the outer layers of dirt 
| particles are weal ind ieregates tend to break 
iwav trom the bridge tructure ut the pore to 
large 
44: \ motion picture, which was at the April 
7 1950, meeting of The Fiber Socretv, and still photo D 
cone micrographs were made from which it was possible 
to study the progress of this sorption-hitration proc 
« \n op networ } CTW Fx ? Py Wess ntaminant build ip during 
two microscope hides which are kept twenty sorption filtration 
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Fic. 3 Phot mucrograph of untreated cotton fibers bic. 4 if fiber treated 
Pi omicrograplh of otton fibers treated 
Bact vuh a fatty nitrogenous compound (straight minera Fic. 6. Phetomicrograth of untreated cotton fibers ae 
! 
‘ rankcase draimimags system) (detergent-ou crankcas framings system) 
ne ar. 
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ne: 
Fie. 7. Photomerograph of cotton fibers treated Fig of untreated wool fibers 
with fatty nitrogenous compound (detergent-oil cras (straight mineral-oil crankcase drainings system) 
| case dra wings system) 
Fie. Photomicregraf % hibers treated wath Fic. 10. Photomicrograph of untreated wool fibers 
a fatty nitrogen mer nd (stra f mineral-ou (deterqent-o crankcase dramimas system) 
crankcase dramiunags 
Dom 


1950 


DECEMBER 


fem) 


at with Fic. 12. Photomicrograph of wool fibers treated with 
tricthanolamune (detergent o rankcase draininas svs a roqgei mip nd ti rank 1s 
if 
ty 
| a 63 ie 
cotton fibers treated with triethanolamine and fib 
amine nd untreated % treated with a fatt nifroge) is tna dos 
il ise drainings system) ou crankcase draimine f ) a 
en 
& 
ay 
| 1 


Photomicrographic Examination of n, where random contami 
Sorption Filtration aver the entire fiber surface 
‘ ce e fiher re exter e] Figure appears to ave 
} action of the 
bricating-oil Phe cott f) the acti tl cis 
lose tet cle terietice tat 
arit 
tructur chat teristh r } capacity of 
efheoent filtrat \\ Considerable « 
tibet mart tr th.the tite: i piace not to the 
5. Whether or not the 1 
‘ ! i fibers 
' j . t genous compound has destroved the desired dis 
ere Ist pl t rovral ‘ \ 
persive additive etfect 1s nowt It is felt that 
te ¢ cdramage hitra 
; 7‘ the activity of the fiber surface on the peptized dirt 
ere rie gy ost t wineral- 
particle is vreater t} at the peptrzir actor the 
ra case qt « taint Ive ind 
of ' nee n exchange of the dirt particles 
taining [err cat nhiubitive tives 
It | heen that the tr hiitra 
Wool Fiber Photomicrographs 
ditfer greatly from the detergent-oil t tion char tr t Mineral-Oil Cran e Drainings Syste 
Figure & lows untreated white wool fibers 
peurs te 1 the ictivit ot the ntal 1 
suspended im straight mineral-o1] crankcase drat 
nants on the fiber surface Pine persive additive “ae ; 
ings The fibers remain clean and there ts no ev 
dence of any dirt pickup. . Figure 9 shows the same 
fibers treated with the fattv nitrogenous conmpound 
cient 
\lt wh the concentration of dirt build-up is not as 
creat s that tor s treatec tton fibers | 
Cotton Fiber Photomicrographs ig] 
ire t is i order 
phe Miney () rai ‘ 
Detergent-Oud Crankcase Syste 
hleacl nended ‘ Figure 10 shows untreated white wool nol fibers 
4.1 
vers are relatively clean of contaminant Phe use 
ler treated with triet hae t i triethanolamine treatment on these fibers ( Figure 
rant that | 1) aids the contaminant build-up sightly. Here 
the contaminant sorption is sparse although dirt ap 
pears to be evenly distributed over the fiber surtac 
S shows the same fibers treated wit! re , Phe use of the fatty nitrogenous compound (1 
Ihe 12) indicates no appreciable increase in contaminant 
yer t removal over that of the untreated wool fibers 


Combined Cotton and Wool Fiber 
Photomicrographs 
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a 
2 
19 
ay 
4 
in Fieure 2 
re 
, Syst t \fineral-Oil Crankcase Drainings Systen 
wire f) } perce | | 13 chowe woot and cotton Ghers suspended 
detergent-ol crankcase The tbers are in straight miumeral-oil crankease drainmings Phe 
much cleaner u ippearance than t} ‘ own wu wool fibers are untreated and the cotton fibers are ae 
Figure 3 It 3 tices however. that one the treated with tnethanolamune There is a marked 
oe 
1 fiber 1, has acted as a dam to a flow of contamunant sorption of contaminant on the cotton fibers but none a 
particles This action Wd not be confused witl n the wool 
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Fu 15 Ou dirtiness plotted agains! time f filter 
tests: A—no filter present in test system; B 
ated filter sng unireatcd ( inftreaicd f 
ising detergent « D orface e-treated filter 
Detergent-Oil Cras Dramimas S 
Figure 14 shows wool and cotton fibers suspended 
in detergent-oil crankcase draimings Phe cottor 
fibers are treated with tnethanolamine and the woo! 
fibers are treated with the fatty mitrogenous ce 
pou d The dirt sorption is good tor both tibers 
however, there was no ipparent sorption tor the 


wool fiber aloné treated with the nitrogenous com 


12). whereas there was an apparent 
dirt sorption for the wool fiber treated with triethan 
amine (Figure 11). 7 


moreover, tor the cotton fiber treated with the tatty 


~ 


nitrogenous compound (Figure 7). It is possible 
that the triethanolamine migrated to the wool and the 


fatty nitrogenous compound my 


hence the observed sorption characteristics 


Empirical Bench Filter Tests on Cotton-Wool 
Filter Media 


and field tests made on different 


= 
Nation of the ubmicating o1 Was 
the mayor aitterence te 
mechanical design of the fibrou 


j 
5 10 structure, but the use ot ditterently treated oils o1 . 
the same fhber structures gave different hiltratior 
characteristics, whi licated that mecnanical siey 
ing might not wholly account tor the fhiltrat act a 
This was later borne out by the results obtaines ato. 
ising su ice -active avents reating tie 
Figure 15 is a typical plot for 4 filter bench tests le 
for which contanunant was added continuously to mm Bris 
tially clean The hiter medium consisted of at 
rcdere tfeit structure, the hbers ft which were cot 
tor wood cellulose. and wool. dirtiness 1s 
plotted against time Curve represents the cond 
tion of the oil when no filter ts present the test pe. 
= 
svste curve tor svster m which the hit 
is subjected to an untreated ot]: curve C 1s tor the ae 
same filter subjected to the same ol contaming a | is 
detergent additive: curve / s for the filter whiel ay 
Was treat irtace-active ye? Sitlitiar (ay 
the fatty nitrogenous compound referred to above ie 
md W Wa ected t the ce rvent 1 tv 
contaminant used was extracted tre utoMotive 
4 crankcase draimimngs Lhe ditterences lubricating 
Future Work 
photomiucr erapl tech jue presente here 
an exploratory tool whicl used to illustrate ar 
unknown function whuicl ppears to be a sorptior 
Wortl 1! has presente the hypothe that this 
given some omteresting evidence my thi 
eS Only two fibers and two chemical treatments have Re 
heen investigated by the microscope technique out 
rated to the cotton 
ined im this paper. Other fiber- and chemica 
treatment systems should be investigated he elec 
Ba. trical nature of the rption observed hould be stud + ti 
ed, probably through electrophoresis technique 
fiber media showed ditferent cleaning efficiencies, a 
though the contan 1. Wort {futomobile engineer 30. 359-64 ( Nov 
the same Some 194 
attributed to, the Manuscript received July 18, 1950.) 
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The Effect of Dilute Salt Solutions on the Mechanical 
Properties of Animal Fibers 


| ReseARCH | ITUTE, INe time the rate of change of the force-extension curve 
Princeton, New Jerse with number of evcles had become negligible, the 
October only effect Ra slight shift of the entire curve: t 
Po the Editor higher extensions due to slight cumulative amounts 
ly rie Researcu Jour t plasty flow The tiber was then quickly Immersed 
ina OLIN sodium chloride solution at and 
Dear Sp eveling: was continues Phe result is shown in Fig 
oe ee paper i this JOURNAL The Relaxa ure la When curves 4. &. and C are displaced to 
ton of Stress in Wool Fibers” 13]. Katz and To i common origin to correct for the effect of plastic 
holst howed that whet vater-relaxed fiber wa flow, Figure 1) is obtained. Immersion in the salt 
treated with a sodium chloride solution (Q.1N to solution for 47.5 hrs. caused little change in the force 
extension curve Since im this repeated cveling ex 
plowever, Sookne and Karri: periment the fiber is under a state of strain for a 
{4} had previo lv tound that the energy re juired large part of the reaction time. it can be concluded 
to exten wool fiber 3 when it ersed that a state of strain has no accelerating etfect on the 
the rate of reaction with the dilute neutral salt solutior 
The divergent results from the twe types of ex 
water i comnect witl ‘ ther perime ts can be ¢ plained by scheme similar to 
work 4 e found that over the time imterval that used by Tebolsky and coworkers |1, 5, 6| for 
of the Kat obols) expel ent ersiol experments on the wing of rubber When the fiber 
in initially wet fiber ina OLN sodium chloride 
tion has no effect on the Hookean slope. It should ‘ b 
“ot ted that m the latter two experiment the is 


tun vhere 1 tiie re th ent t fi 
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\ trait tate ccordit { 
thought it w cl teresti t hether 
t ite int ‘ ccele cttect « thre 
rate t interact vet thre the 
on cl ! t ( ippreciable , 
decrease ter ot it thre it ent / 
m the ine t e mterval that no ¢ ef } ct 
im mea ect | perty 
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1 1 “ 
\ repeate evelmyg tech escritn clsew here KTENS Ex 
set \ wet ™ « l Kefeatcd niraction cles fer 
viected to 21 hrs. of repeat ntractior formed m et fiber s immersed in a 
evel it tweet N ‘ ] t 
Ib rrected for effe fp flow distill 
} 5] exte \ 
ter B Ifter 4 IN sodiun hloride 
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that the fiber } os ' te 
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is in equilibrium with the salt solution twe opposing — the rate of scission of bonds caused by absorption of 
reactions, one of which involves breaking bonds in the sodium chloride, and this rate had a finite value 
the fiber and one of which involves making bonds even when the wool fiber as a % « was in equ 
just counteract one another The experiments mn hbrium with the salt solutiot 

volving intermittent measurement of mechanical 


properties measured the net effect of these two re Literature Cited 


actions, and at equilibrium the amount of salt ab 

1. Andrews, R. D., Mesrobian. R. S., and Tobolsky, A 
sorhe tre i LON, or more d chloride \ Trans fon Vech lcnors. 67 

solution was too small to affect any of these proper (1945) 
ties such as the Hookean slope, or the energy to ex 2. Burte, H. M ipplied Phys. 21, 494-9 (1950) 
tend to a given elongatior During the contimuous 3. Katz, S. M i Tobolsky, A. \ Pextime Re 
reianation echnique, owever, the new cross lnks 1 
4. Sooke M nd Hart M im. i estuff KRepir 
were always formed in a relaxed, strain-free state, 27. 171-3 (1938 
and did not merease the stress on the sain] le whicl 5. Tobolsky. A. \ and Andrew Rk. J) hem. Phys 
was being held at constant elongatior Che experi 13, 3-28 (1945) 
obolst \ 'vettvi | tllor 
ment of Katz and Tobolsky, therefore, showed the 6. 7 sky, A. V., Prettyman, 1. B 1D WJ 
lpplied Pi 15. (1944) 
large effect due to treatment with a dilute sodium p 
chloride solution because they were measuring only Harris M. Burn 
“Wool A 1 Fiber” * 
ool as an Apparel Fiber 
Tue Britisn Corron INpustrRY RESEARCH 11), presents data from this paper in Tables VI, VII, 
\SSOCIATION, SHIRLEY INSTITUTE and VII on page 601, and quotes from the text on 
Didsbury, Manchester, England pages 600 and 601 
October 27, 1950 May I kindly draw your attention to Table VII 
hte ) | ef re te | n th 1) 
| the clit 
pear under the hea Vo e re ree 
ink RESEARCH JOURNAI 
iter compressing iss take t O.OOT Tbh. per sq. im 
te 10 per q pre ire 1} re rect 


ener returned by the mater e re f 
pare Fiber Giles | Hopkit Re tl il ¢ 
SEARCH JouRNAL 20, 592-603 (1950) with mucl thie inh, ¢ Csst i percentage he ene ‘ 
interest It nomv eful contributic ponaes e testing npre the 
teria betwee the wie t ore ure the 
to the terature on the tunctr il properties of cloth , 
ter t n } } viven lable VII relate to t definitiot 
yn i ) ere one ‘ 
ues Obtaines tor thre re detined depend 
KC ( ent 
In the article, the thor refers t uae Vai upon the shapes of the compre n and recovers 
} urves of the fibrous ma ynder test ere value 
Text eters for the volume recovered ( ) depend or pon the 
1 ts ct tile lateria rem 
nitial and final volume of the ma it 0.001 
a | ett int ta rection whict ld be made b. per sq. mm. pre ure under the conditior snecified 
for the test Thus. values for the resilience of dif 
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on ly he in tha ilk, deg 22 41.2 
Pressure yrange: 0001-19 per sq. it The author's references to my resilience data in 
he ence lable VII and in the text on pages 600 and 601 as 
| (in terms Volume é percentage volume recovery are thus misleading 
it ere vered 
b ibe y Very tr 
: 49 W. Howakrp Rees 
Announcement 
st ; The Textile Research Institute will offer six predoctoral fellowships in the Depart 
§ | ments of Chemistry and Chemical Engineering at Princeton University for the academic 
4 vear 1951-1952 Ssuccesstul candidates must be iccepted by both the Institute and 
PS the Universit, \ stipend of $1,200 plus all fees is provided for first- and second-vear 
s Fellows, while $1,800 plus fees is granted tor the third vear after successtul per 
formance in the PhD. preliminary examinations Programs of study are identical 
inevery way to those of other graduate students in the departments concerned except 
that the Fellows carry out their thesis research at the Institute's Laboratories in Prince 
ton The Institute’s statl, which directs the research, includes several faculty members 
trom the University departments 
Further information and application blanks may be obtained from Dr. John H 
Dillon, Director ot Research, Denxtile Rese irch Institute, Box 625, Princeton New 
Jerse 
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